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I. Introduction 
This section of the dissertation describes the 
preparation of p-neopentylphenyldiphenyl carbinol, di-p-
neopentylphenylphenyl carbinol, tri-p-neopentylphenyl 
carbinol, m-neopentylphenyldiphenyl carbinol, and di-m-
neopentylphenylphenylmethyl chloride. The preparation of 
tri-m-neopentylphenyl carbinol was attempted. None of 
these compounds had been prepared previously. Other new 
compounds obtained during these preparations are o-and p-
nitroneopentylbenzene, o-and p-aminoneopentylbenzene, 
o-acetaminoneopentylbenzene, m-bromoneopentylbenzene, 
3,5-dibromoneopentylbenzene, 3-bromo-4-acetaminoneopentyl-
1 
benzene, 
benzene, 
3-tromo-4-aminoneopentylbenzene, p-bromoneopentyl-
' p,p-dineopentylbiphenyl, and ethyl - p-neopentyl-
phenyldiphenylmethyl ether. 
II. Discussion 
A. PreparationtMeta-and Para-Bromoneopentylbenzenes 
Meta-and para-neopentyl substituted triphenyl 
carbinols were prepared because of interest in the corre-
sponding chlorides as solutes for conductivity studies of 
their solutions in liquid sulfur dioxide. 
2 
The usual method of preparation of substituted tri-
phenyl carbinols requires the corresponding substituted 
bromobenzene, the magnesium Grignard reagent of which is 
reacted with benzophenone, ethyl benzoate or ethyl carbonate 
to form the mono-, di- or tri- substituted compounds respec-
tively •. Meta- and p-bromoneopentylbenzene were therefore 
required. A literature search yielded no information con-
cerning either of these compounds. It was felt that the 
most direct method of preparing p-bromoneopentylbenzene 
would be by the bromination of neopentylbenzene and the 
separation of the isomers formed. 
Two methods of preparation of neopentylbenzene were 
found in the literature, the first by the reaction of the 
Grignard reagent of benzyl chloride with t-butylchloride, 1 
and the second by the reaction of pivalophenone with ammonium 
polysulfide. Since pivalophenone was not readily available, 
neopentylbenzene was prepared by the first method. 
tcH~Cl + (CH3) 3CCl--(CHa)aCCH2<j> + MgC12 
1. Bygden, A., Ber., i§, 3479 (1912). 
3 
In the first attempted preparation, the procedure given by 
1 Bygden was followed with the exception that cobaltous chloride 
was added to the reaction miXture. (Cobaltous ion has been 
found to catalyze coupling in the Grignard reaction.2) 
This reaction, however, yielded almost no neopentyl-
benzene and considerable dibenzyl. The preparation was carried 
out following Bygden 1 s procedure with the addition of no 
cobaltous chloride. Several preparations were carried out 
using much larger quantities of starting materials. The re-
actions were allowed to continue for considerably longer 
periods. Yields of up to 54~ were obtained. 
Neopentylbenzene was 
3 
of iron powder.o 
Br:: + R 
:1. 
reacted with bromine in the presence 
Fa 
The product of this reaction, which distilled at 112.5 -
116.5°C. at a pressure of three millimeters of mercury, gave a 
freezing curve characteristic of a mixture. It was suspected 
that both the p- and o-isomers were present. An attempt was 
made to separate the isomers by fractional crystallization in 
the absence of solvent. This technique, however, proved 
unsuccessful as was shown by the freezing curves of the 
1. Bygden, A., Ber., 45, 3479 (1912). 
2. Kharasch, M. s., and Fields, E. K., J. Am. Chem. Soc., §2, 
2316 (1941). 
3. p.Bromo-t-butylbenzene was prepared by this method by 
G. Delamater, Ph.D. Dissertation, Harvard University, 
1948; p. 48. 
resulting liquids. 
It was thought that a new and unambiguous method of 
preparation of p-bromoneopentylbenzene was required. Para-
4 bromopivalophenone had previously been prepared by Pearson. 
It was thought that the reduction of this compound by the 
5 
method of Huang-Minlon would yield p-bromoneopentylbenzene. 
4 
Para-bromopivalophenone was prepared by Pearson's method 
which consists of the reaction of pivalonitrile with the mono 
magnesium Grignard reagent of p-dibromobenzene and hydrolysis 
of the resulting complex. c;.f: IIJ)1 
0 Eto B a.,.+ Mg ~) 
gB,. 
t Hs),ttlll H+ 
..:...,_~~-.il' -
H11o 
C:O 
0 
,. a,.. 
The hydrazone of the product was found to have the same melting 
point as that of the hydrazone of the product prepared by 
4 Pearson. 
Para-bromopivalophenone was reduced by reaction with 
hydrazine hydrate in absolute ethanol followed by heating in 
a potassium hydroxide solution in 
c(tH.,) c(cH,)1 I ~ l I 
C:o :.('/·Nil.. 
JCOW 
a,. 
triethyleneglycol. 
~Cctfs\ 
If:~~. 
+ N-& 
4. Pearson, D. E., J. Am. Chem. Soc.,~' 4169 (1950). 
5. Huang-Minlon, J. Am. Chem. Soc., .§§, 2487 (1946). 
In most cases this reaction vas carried out in one step in 
the absence of ethanol. This is the Huang-Minlon modification 
of the Wolff-Kishner reaction. A portion of the resulting 
product, which vas assumed to be p-bromoneopentylbenzene, vas 
reacted in ether with magnesium. The resulting Grignard re-
agent was reacted with water and the product had the same 
boiling point as neopentylbenzene prepared by the Bygden 
method. 
r (c HJ) ~ c;.ft+,) ~ 
ctl._ cl+a. 
o·M~~o 
Br IIA: 1'3,. 
~ (CHJ)3 6 + "a"'o' 
The mono acetamino derivative of the product of this Grignard 
reaction was prepared by nitration, reduction and acetylation. 
It had the same melting point as tbat fu!oxiii-~,'J~ygllen" neop&ntyl-
benzene and a miXed melting point of the two acetamino deriva-
tives showed no melting point depression. 
An attempt to oxidize p-bromoneopentylbenzene to p-bromo-
benzoic acid by refluxing a mixture of the substance with 
alkaline potassium permanganate for a hundred hours was un-
successful. Another attempted oxidation by refluxing the 
substance with acidic dichromate for one hundred hours yielded 
only a trace of unidentified solid. 
There can be little doubt that the product is actually 
p-bromoneopentylbenzene. The fact that the substance formed 
a Grignard reagent which on treatment with water yielded 
neopentylbenzen• showed no rearrangement of the neopentyl 
group had taken place. The fact that p-dibromobenzene was 
the starting ma.terial leads to the conclusion that the neo-
pentyl group must be para to the remaining bromine group. 
Analysis6 c, 58.1; H, 6.7; Br, 35.2 
Calculated for C11 H15 Br, C, 58.1; H, 6.7; Br, 35.2 
It was decided to prepare m-bromoneopentylbenzene by a 
6 
scheme similar to that described in "Organic Syntheses"? for 
the preparation of m-bromotoluene from p-toluidine. Figure I 
outlines the general scheme. Aminoneopentylbenzene was pre-
pared by the nitration of neopentylbenzene followed by reduc-
tion to the amine. Both the acetamino and neopentyl groups 
are ortho, para directing to bromination. The fact that 
bromination occurs meta to the methyl group in p-toluidine 
indicates that the ortho-para directing influence of the 
acetamino group predominates. The methyl group should have 
greater ortho-para directing powers than the neopentyl group 
since it has three hydrogen atoms which can take part in 
hyperconjugation while the neopentyl group has only two. For 
these reasons, it was believed that bromination of p-acetamino-
neopentylbenzene would take place meta to the neopentyl group. 
For the same reasons, bromination of ortho acetaminoneopentyl-
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
7. Gilman, H., and Blatt, A. H., ed., "Organic Syntheses," 
Coll. Vol. I, 2nd ed., J. Wiley and Sons, New York, N.Y., 
1941; P• 111. 
6 
FlGUR.E I 
·Method A. 
R = 
F14. ..-,. HNO::, .u(::. 
or-
2- acid t"o /f/1103-/l~s(), 
vo•c. 
Ale- f/Ct 
Ref/..._'l( 
7 
~Yl-H~ 
;oo•c. 
NOJ,. 
liOAc -73~ 
-E-----
I='e 
B,.. .;t.)- 't 
0 
tJH;~.. 
:reflt.t .. 
[ HOAc. 
() ~! ~ " 0"''·:· 
" AI f/t:.·c ·~I(> 
'"H.._ 
/. }-1CI· Ale. 
,J.. i-ICI 
3. N<tNo 
_____:A__C~ 
13,. '(HPOJ..-s-•c 
benzene should occur 1n a position meta to the neopentyl 
group. Deamination of either compound should yield 
m-bromoneopentylbenzene. 
Nitration was first carried out by the method of 0. 
8 Neunhoffer for the nitration of phenylcyclohexane. 
6N~ R 0 
NO a 6 Ac.OH + 
Yields or momo nitrated product or approximately 50% or 
8 
theoretical were obtained. Similar yields were obtained when 
the method or Craig9 tor the nitration of t-butylbenzene was 
employed. 
08. HAlO, ,. + 
The combined mono nitro isomers were reduced with tin and 
hydrochloric acid by the method described by Shriner and 
10 Fuson. The product, however, vas found quite difficult 
to purify. It was acetylated by the method described by 
Fieser11 which involves rerluxing the amine in glacial acetic 
s. 
9. 
10. 
Neunhoffer, 0., J. Pract. Chem., 133, 95 (1932). 
Craig, D., J. Am. Chem. Soc.,~' 195 (1935). 
Shriner, R. L., and Fuson1 R. c., "Identification of Organic Compounds," 2nd ea., J. Wiley and Sons, New York, 
N.Y., 1940; p. 75. 
11. Fieser, L. F., "Experiments 1n Organic Chemistry," 2nd ed., 
Heath and Company, New York, N.Y., 1941; p. 165. Pro-
cedure B. 
-9 
acid. Poor yields were obtained but this might have been 
caused by the poor grade of product obtained in the previous 
step. 
The acetylated amine vas brominated by the method de-
scribed in "Organic Syntheses 117 for the preparation of 
3-bromo-4-aminotoluene. This preparation involves addition 
of bromine to an acetic acid solution of the acetylated amine. 
The product of the reaction was purified only superficially. 
lo attempt vas made to separate the isomers since each should 
lead to m-bromoneopentylbenzene when carried through the 
remaining reactions. The acetylated amine vas reacted with 
an ethanol solution of hydrochloric acid and thereby changed 
to the amine. Deamination of the above product vas carried 
12 
out by the method of Marvel et al for the preparation of 
m-bromocyclohexylbenzene. This involved the addition of 
hydrochloric acid and then a solution of sodium nitrlte in 
water to an acetic acid solution of the bromo-amine. The 
resulting mixture was then poured into dilute hypophosphorous 
acid. 
The overall yield from neopentylbenzene to m-bromoneo-
pentylbenzene vas about 10% of theoretical. This was 
7. Gilman, H., and Blatt, A. H., ed., "Organic Syntheses," 
Coll. Vol. I, 2nd ed., J. Wiley and Sons, New York, 
N.Y., 1941; P• 111. 
12. Marvel, C. s., Johnston, H. w., Meier, J. w., Mastin, T. w., 
Whitson, J., and Himel, C. M., J. Am. Chem. Soc.,§§, 914 
(1944) 
10 
considerably lower than was expected. Several of these re-
actions were repeated in an attempt to increase yields but 
no appreciable improvement was obtained. The reaction 
sequence was then altered by changing the reactants and 
method of reaction in some of the steps. The resulting 
scheme is shown in Figure II. 
Nitration was achieved by slowly adding a sulfuric acid -
nitric acid solution to neopentylbenzene. Yields of from 85 
to 90% of theoretical were obtained. The product was reduced 
by shaking an ethanol solution of the nitro compounds under 
three atmospheres pressure of hydrogen in the presence of 
Raney nickel. This method resulted in yields of amine of 
85-88% of theoretical based on the amount of nitro compound 
employed. Acetylation was achieved by the method described 
by Fieser.13 This involved the reaction of the amine hydro-
chloride with acetic anhydride. The bromination and de-
acetylation were performed by the same procedures as in 
Method A. Deamination of the brominated amine was achieved 
by addition of a solution of sodium nitrite in dilute hypo-
phosphorous acid to a sulfuric acid solution of the am1ne. 14 
13. Fieser, L. F., "Experiments in Organic Chemistry," 
2nd ed., Heath and Company, New York, N.Y., 1941; 
p. 165. Procedure A. 
14. This method is described by Kornblum, N., "Organic 
Reactions, 11 Vol. II, Bachmann, W. E., Fieser, L. F., 
Johnson, J. R., and Snyder, H. R., ed., J. Wiley and 
Sons, New York, N.Y., 1944; p. 296. 
R 
0 
FJG-U~£ IT 
Ale.- HC/ 
l r-efl .. x 
ANH~ 
aV 
R 
R 
H11 JAr..,. 
---)oo 
.N/ 
Ale. 
~· •c. 
Br..- f/OAc.. 
<E--. 
Fe 
.2. ~ •c 
/. HOAc. 
2. ~~~ Soy 
11 
/. H C/ 
l..A~,o 
N,OAc 
S"o "c. 
12 
Yields of 55·60~ of theoretical resulted. The overall yield 
of m-bromoneopentylbenzene from neopentylbenzene was about 
20% of theoretical. 
After one of the nitrations the o- and p-isomers of the 
product were separated by fractionation. Several reactions 
were carried out with these separated isomers. m-Bromoneo-
pentylbenzene was prepared by the method described above from 
p-acetaminoneopentylbenzene Which could produce only one 
isomer on bromination. The m-bromoneopentylbenzene prepared 
in this manner had the same characteristics as that.- obtained 
from the mixture of isomers. 
Table I lists some of tbecompounds prepared in this 
series of reactions. The positions of the amino groups 1tl 
ortho and para aminoneopentylbenzene were determined from 
their infra red spectra in carbon disulfide solution.15 
Young, Duval and Wright16 state that ortho disubstituted 
aromatic compounds have strong absorption at 770-735cm·1 
while para disubstituted compounds give strong absorption 
at 860-800 cm-1 and sometimes a weaker absorption at 7?0-
735 cm·1 • The liquid amino compound gave a strong absorption 
band at 770-735 cm-1 with a peak at 750 cm-1• It had no peak 
at 860-800 cm-1 and was assumed to be o-aminoneopentylbenzene. 
15. The Infra red spectra were taken by personnel of 
Baird Associates, Inc., Cambridge, Mass. 
16. Young, C. w., Duval, R. B., and Wright, N., Anal. Chem., 
23, ?09 (1951). 
13 
'!'ABLE I 
Compounds Prepared on Route to a-Bromoneopentylbenzene 
Gompolmd Phyaical State Physical Property 
-
o-Bitroneopentylbenzene • yellow liquill B.P. 0 106-111 c. (3u.) 
p-Bitroneopentylbenzene* yellow liquid B.P. 123-124°C. (31111.) 
o-Aainoneopentylbenzene* yellowish liqlilid B.P • 9l-93°C. (31111.) 
p-Aainoneopentylbenzene • White needle-like Mel tine Point 
aolid not recorded 
o-Acetam~oneopentyl- White needle-like M.P. 12l-123°C. 
benzene solid 
p.Acetamtnoneopentyl-
benzene** 
White flakes M.P. 165-l65.5°C. 
4-Keopentyl-2-bromo-
aeetan111c!le* 
Vbi te leatle ts M.P. 122-124°C. 
4-KeopentJl-2-broao- 'White needles M.P. 54-55°C. 
aniline 
a-Bro.oneopentylben&ene* clear colorless 
liquic!l 
B.P. 80-81°C. (2u.) 
3,5-DibrOJCDeOpentyl- clear colorless M.P. 43-44.5°C. 
benzene crystals 
• These coapoanc!la haYe not been reported previously. 
•• Thl.a eompoad vas reported_aa mono acetaminoneopentylbenzene 
by lktrliner and Berliner.2l 
~. Berliner, B., and Berliner, P., J • .Am. Chem. Soo., 2}., 
1195 (1949) • 
14 
The solid compound gave a strong absorption at 850-810 cm-l 
with the peak at 850 cm-1• It had a weaker and much sharper 
absorption peak at 760-745 cm-1. The solid was assumed to 
be p-aminoneopentylbenzene. 
B. Preparation of Carbinols 
The carbinols were prepared by a 
17 that employed by Marvel et al. 
p-RC6H4Br + Mg~ p-RC6H4MgBr (C6H§)2Cv 
procedure adapted from 
E20 p-RC6H4 (c6H5)2COH H.t 
Para-neopentylphenyldiphenyl carbinol was prepared by the 
reactioD. of the Grignard reagent of p-bromoneopentylbenzene 
with benzophenone. The yield of pure product was quite low 
since considerable solid was lost in purification. The product 
was recrystallized from petroleum ether. The resulting solid 
was subjected to fractional crystallization from ethanol-
water solutions. Three white crystalline products were 
obtained: 
Number 
I 
II 
III 
Melting Point 
99-100°C. 
lll-112.5°C. 
139-140.5°C. 
Analysis6 
c 87.0, H 7.9 
c 86.8, H 8.3 
c 89.7, H 10.3 
I and II were soluble in concentrated sulfuric acid while 
III was not. The most likely hydrocarbon by-product was 
17. Marvel, C. s., Himel, C. M., Mueller, M. B., and Kaplan, 
J. F., J. Am. Chem. Soc., §1, 2771 (1939). 
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
15 
thought to be 4, 4'dineopentylbiphenyl. The calculated compo-
sition of this compound is C 89.7, H 10.3 which agrees with 
the analysis of III. 
pp 1 -(CH3)3CCH2CsB4CeB4CH2C(CH3)3 
The composition calculated for p-neopentylphenyldiphenyl 
carbinol is C 87.2, H 7.9 which agrees fairly well with both 
compounds I and II. It was felt that I and II might be 
isomers. I was dissolved in concentrated sulfuric acid. The 
resulting solution was diluted slowly with water and then 
extracted with ether. The ether extracts were evaporated. 
The resulting "glass" after several recrystallizations from 
ethanol-water yielded a white solid which had a melting point 
of 98-990C. This solid gave no melting point depression 
when mixed with sample I. Sample_II after similar treatment 
gave a solid similar to solid I. A considerable melting 
point depression occurred when this sample was mixed with 
sample II. There was no depression, however, when it was 
mixed with sample I. 
Infra red spectra18 were taken of sample I and sample II 
in carbon tetrachloride solutions. Sample I showed absorp-
tion bands at 3600 and 1320 cm-1 which were not found in the 
spectra of sample II. These absorption bands are character-
istic of alcohols. Sample II gave absorption bands at 
18. These infra red analyses were performed by personnel 
of Baird Associates, Cambridge, Mass. who also assisted 
in interpreting the spectra. 
approximately 1080 and 1020 cm-1 which were not observed in 
a spectrum of sample I. The bands are characteristic of 
ethers. Otherwise the spectra of the two compounds were 
quite similar. Both samples after the sulfuric acid treat-
ment gave spectra very similar to that obtained from sample 
I. These results indicate that sample I is p-neopentyl-
phenyldiphenyl carbinol p-(cH3 ) 3ccH2c6H4(C6H5 ) 2c~H while 
sample II is the ethyl ether p-(CH3) 3ccH~C6H4(C6H5 ) 2coc~5 
of the same compound (calculated analysis 087.1, H 8.4). 
The ether was probably formed on crystallization of the car-
binol from ethanol which contained traces of acid left over 
after decomposition of the Grignard addition product. 
Di-p-neopentylphenylphenyl carbinol was prepared from 
the Grignard reagent of p-bromoneopentylbenzene and ethyl 
benzoate. 
The product was a brown "!!'lass". After crystallization from 
16 
absolute ethanol a white flaky solid was obtained. This solid 
after several recrystallizations from ethanol yielded white 
flakes which had a melting point of 139.5-140.5°0. This com-
pound gave no melting point depression when mixed with sample 
III from the preparation of p-neopentylphenyldiphenyl carbinol. 
17 
carbinol. It was, therefore, assumed to be 4,4' dineopentyl-
biphenyl. The mother liquors from the crystallizations were 
evaporated and a clear brown "glass" was obtained. Attempts 
to crystallize this glass by several techniques and from 
several solvents failed. After standing three months some 
solid had separated out of the glass. This solid was used to 
aid in the crystallization of the glass from petroleum ether 
and then absolute alcohol. After several recrystallizations 
and treatments with Norit a white crystalline solid which had 
a melting point of 123-124°C. was obtained. Analysis of this 
6 
solid indicat8d a composition of C 86.7, H. 9.3. The compo-
sition calculated for di-p-neopentylphenylphenyl carbinol is 
C 86.9, H 9.1 
(p-(CH3)3CCH2C6B4) 2C6H§OH 
Tri-p-neopentylphenyl carbinol was prepared by there-
action of the magnesium Grignard reagent of p-bromoneopentyl-
benzene with, diethyl carbonate. 
Et2o ,. H20 (p-RC6H.)3C-OH H+ ,. -.. 
The product ~rystallized quite readily. Two solids were 
obtained: l.'f!. white solid which crystallized in leaflets and 
had a melting point of 139-140°C.,amd:2.<,awhite solid which 
crystallized in large needles and had a melting point of 
195-196°C. The first solid gave no melting point depression 
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
18 
when it was mixed with sample III from the preparation of 
p-neopentylphenyldiphenyl carbinol. It was therefore assumed 
to be 4,4' dineopentylbiphenyl. The second solid which gave 
6 
an analysis of C 86.6, H 10.1 was assumed to be tri-p-neo-
pentylphenyl carbinol which has a composition of C 86.8, 
H 9.9. 
(p-(CH3 ) 3ccaac6~)3COH 
m-Neopentylphenyldiphenyl carbinol was prepared by the 
reaction of the magnesium Grignard reagent of m-bromoneopentyl-
benzene with benzophenone. 
m- RC6~Br + Mg ~ m-RC6B4MgBr 
m--RC5B4MgBr + (C5H5)2CO ~ m-RC6E4(C6H5)2COH 
The product was a clear yellow "glass". Several techniques 
were employed in an attempt to crystallize the product. A small 
portion of the "glass" was subjected to high vacuum distillation. 
Attempted crystallization of the distillate which was a clear 
almost colorless "glass" from methyl alcohol, ethyl alcohol, 
isopropyl alcohol, ethyl ether, diOKane, petroleum ether, 
ligroin, ethyl acetate and carbon tetrachloride was unsuccess-
ful. The material was treated several times with Norit in 
boiling ethanol but no solid was obtained. The "glass" was 
assumed to be a mixture of m-neopentylphenyldiphenyl carbinol 
and 3,3' dineopentylbiphenyl. The second compound was ex-
pected as a by-product by analogy with the 4,4' dineopentyl-
biphenyl obtained from the preparation of p-neopentylphenyl-
diphenyl carbinol. 
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
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A portion of the "glass" was dissolved in benzene. The 
resulting solution was shaken with concentrated sulfuric 
acid, which became dark red. The layers were separated and 
the acid layer was diluted slowly with ice. The resulting 
dilute acid solution contained a yellow brown "glass". The 
mixture was extracted with ether. The ether extract was 
washed with dilute aqueous sodium carbonate solution and then 
with water. A benzene solution of the resulting "glass" was 
treated with Nuchar. Benzene was removed by evaporation 
leaving a yellowish liquid. Crystals separated from an 
ethanol solution of this liquid which had been allowed to 
stand in a refrigerator for two years. After several recrystal-
lizations from 95% ethanol a white solid having a melting 
point of 53-56°C. was obtained. 
6 Analysis: C 87.7%; H 8.0% 
Calculated for c24E260: C 87.2%; H 7.9 
Di-m-neopentylphenylphenyl carbinol was prepared by the 
reaction of the Grignard reagent of m-bromoneopentylbenzene 
with ethylbenzoate. 
The product was a "glass11 • All attempts to obtain crystals 
from the "glass" failed. The solid was dissolved in ethanol 
and the resulting solution was placed in the refrigerator. 
After six months, colorless crystals began separating out. 
Using these crystals as 11 seeds11 , the material was crystallized 
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
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from ethanol. After several recrystallizations from ethanol, 
the solid still had a long melting point range. 
The above solid was reacted with acetyl chloride by the 
method of H. Leftin19 to form the chloride. 
0 
~ (m-RC6H4) 2(C6H5)COH + CH3-C-Cl ~ (m-RC6H4) 2(c6H5)CC1 
A petroleum ether solution of the resultirg white solid was 
refluxed several times in the presence of Norit. The solid 
obtained was recrystallized from petroleum ether several times. 
The resulting white solid had a melting point of 93.5-95°C. 
Analysis C 82.7% H 8.6% Cl 9.2% 
Calculated for C29H35Cl C 83.1% H 8.4% Cl 8.5% 
A portion of the solid was treated with absorbing charcoal in 
petroleum ether. The product was dried for 24 hours in a 
drying pistol at 54°C. It had a melting point of 94.9-96.2°C. 
Analysis for the chloride was carried out by the method of 
M. Vignale.20 This consisted of treatment of an accurately 
weighed portion of the solid with an excess of standard base 
followed by back titration with standard acid. The solid was 
found to contain 100.5% of theoretical chlorine calculated 
for di-m-neopentylphenylphenylmethyl chloride. 
An attempt was made to prepare tri-m-neopentylphenyl 
carbinol by the reaction of the Grignard reagent of m-bromo-
19. Leftin, H., Ph.D. Dissertation, Boston University, 1955; 
p. 204. 
20. Vignale, M., Ph.D. Dissertation, Boston University, 
1956; P• 171. 
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neopentylbenzene with diethyl carbonate. The product was a 
dark "glass". Attempts were made to crystallize the "glass" 
by the techniques described under the preparation of m-neo-
pentylphenylmethyl carbinol. A "glass" resulted. All 
attempts to obtain crystals failed. 
The great difficulty in obtaining crystalline m-substi-
tuted triphenyl carbinols may be due to the bulky nature of 
the neopentyl group and the large volume of space it may 
cover in rotating around the bond between it and the ring. 
Such rotation probably makes it difficult for individual mole-
cules to achieve the relative positions of atoms necessary 
for crystal formation. The low melting points of the products 
may also be a contributing factor. 
A neopentyl substituted biphenyl compound was obtained 
as a by-product in the preparation of each of the p-substituted 
carbinols. No analogous compound was obtained in the meta 
series. The separation of 3,3-dineopentylbiphenyl and the 
carbinols may be particularly difficult. It is significant 
that m-neopentylphenyldiphenyl carbinol was obtained in crys-
talline form only after being dissolved in concentrated sul-
furic acid. Such treatment should separate the carbinol and 
biphenyl compound. 
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Table II 
Biphenyl and Triphenylmethyl Compounds Prepared 
in this Program 
Compound 
pp 1dineopentylbiphenyl 
p-neopentylphenyldiphenyl carbinol 
ethyl-p-neopentylphenyldiphenylmethyl ether 
di-p-neopentylphenylphenyl carbinol 
tri-p-neopentylphenyl carbinol 
m-neopentylphenyldiphenyl carbinol 
di-m-neopentylphenylmethyl chloride 
Melting Point. 
l39-l40°c. 
9'1-J.00°c. 
111-112.5°c. 
l23-124°c. 
195-l96°c. 
53-56°C. 
94.9-96.2°0. 
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III. Experimental 
A. Preparation of Neopentylbenzene1 
A description of a typical large scale run follows. 
The apparatus for this preparation consisted of a five 
liter three-necked flask equipped with a condenser, a mercury 
sealed stirrer and dropping funnel. The apparatus was care-
fully dried in an oven overnight. A crystal of iodine and 
87.5 grams (3.6 gram atoms) of magnesium turnings (Grignard 
magnesium, Eastman Kodak) were placed in a reaction flask. A 
Bunsen flame was played over the apparatus while it was swept 
out with dry nitrogen. At all times during the following 
reaction, the nitrogen pressure in the system was slightly 
above atmospheric. When the flask had become cool, approxi-
mately lOcc. of a solution of 450 grams of freshly distilled 
benzyl chloride (3.57 moles) in 210 cc. of anhydrous ether 
(Baker C.P. dried over sodium wire} was poured into the re-
action flask. The mixture was stirred until a reaction 
started. In cases where the reaction didn't start readily 
the reaction mixture was heated slightly in a steam bath. 
1. Bygden, A., Ber., .1,§, 3479 (1912). 
This treatment was found sufficient to start the reaction in 
each case. The reaction flask was cooled in an ice bath and 
the remainder of the benzyl chloride solution was added with 
stirring at such a rate that the reaction mixture refluxed 
briskly. The ice bath was then replaced by a heating mantle 
and the mixture was refluxed for 75 minutes. At this point 
in the reaction all of the magnesium was dissolved and the 
mixture was deep green in color. 
The reaction flask was again cooled in an ice bath and a 
solution of 331 grams (3.6 moles) of freshly distilled 
t-butylchloride - (Eastman Kodak White Label) - in 750cc. of 
anhydrous ether was added dropwise with stirring. The reac-
tion mixture was refluxed for 60 hours. 
Cold 10% sulfuric acid was added slowly to the reaction 
mixture unti~ the large amount of white solid whichbadformed 
was almost completely dissolved. The mixture was filtered, 
the layers of the filtrate were separated and the aqueous 
layer was extracted with a 30 cc. portion of ether. This 
extract was added to the main ether layer which was then 
washed with dilute sulfuric acid, water, dilute aqueous sodium 
carbonate and again with water. Anhydrous calcium chloride 
was added to the solution and the mixture was filtered after 
standing overnight. The ether was removed by evaporation 
and the resulting yellow brown liquid was fractionated in a 
three foot glass helix-filled column. 
Small fractions were obtained in the following ranges: 
34-36°, 106-110° and 110-181°C. The product distilled in 
25 
the range 184-185°C; and 286 grams were obtained. This repre-
sents a yield of 54% based on the amount of benzyl chloride 
used. 
The index of refraction at 25°C. was 1.4849 compared to 
1.4850 reported by Berliner and Berliner. 21 
B. Bromination of Neopentylbenzene 
~ 
Fe 
The following is a typical run: 
In a 500 cc. three-necked flask equipped with a mercury 
sealed stirrer, dropping funnel and reflux condenser were 
placed 100 grams (0.67 mole) or neopentylbenzene and 2 grams 
of iron powder. The mixture was cooled in an ice bath to a 
temperature of 0 to 5°C. Cooling was continued while 120 
grams (0.75 mole) of bromine was added dropwise with stirring. 
The mixture was stirred for five hours after the addition 
was complete. 
After standing overnight, the reaction mixture was poured 
into a five percent aqueous solution of sodium sulfite. The 
resulting mixture was extracted with two 200 cc. portions of 
ether. The ether extracts were poured together, washed with 
five percent aqueous sodium sulfite solution and then twice 
21. Berliner, E., and Berliner, F., J. Am. Chem. Soc., 11, 
1195 (1949). 
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with water. Calcium chloride was added to the ether solution. 
After standing overnight, the ether was removed by evaporation 
and the remaining dark liquid was subjected to vacuum frac-
tionation through a three foot long glass-helix filled column. 
The clear colorless product Which distilled between 
112.5 and 116.5°C. at a pressure of three millimeters of 
mercury weighed 106 grams (0.47 mole). This represents a 
yield of 70% based on the amount of neopentylbenzene used. 
The ref'ractive hidU! of the product at 20°C. was 1.5263. The 
boiling point at atmospheric pressure was 248.5° (corrected). 
At this temperature the liquid slowly turned brown, indi-
cating decomposition. 
C. Attempted Separation of o- and P• Isomers of Bromoneo-
pentylbenzene 
The product from the bromination of neopentylbenzene was 
frozen in a "Dry Ice" - acetone bath. The container was 
transferred to an ice bath and the temperature at various times 
was noted. The melting substance was stirred with the ther-
mometer as soon as this was possible. A plot of the tempera-
ture versus time did not have a definite plateau. This indi-
cated that the substance was not a pure compound. Considering 
the method or preparation, a mixture of o- and p- bromoneo-
pentylbenzene was suspected. 
The substance was frozen once more. It was allowed to 
melt slowly until about half of the substance was liquid. The 
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liquid was then poured off. The liquid ana solid were again 
frozen separately ana allowed to half melt. 'The liquid was 
then poured off each of the samples. The freezing point 
curve of the solid which remained from the original solid 
sample was not characteristic of a pure substance. The sub-
o 
stance was completely frozen at -20 C. A very small portion 
was melted at -19°C. At -14°C. it was approximately half 
iiquia and half solid. At-12°C. it was a milky liquid. At 
-s0c. all solid haa disappeared. 
D. Preparation of p-Bromopivalophenone 4 
p-BrCsH4Br + Mg Et~ ~ p-BrC6H4MgBr 
p-BrC6H4MgBr + (CH3)3CCN Et2~ H20~ pBr-C6H4CH2C(CH3)2 H+ 
A description of a typical large scale run follows. 
An apparatus similar to that used in the preparation 
of neopentylbenzene was employed in this preparation. A crys-
tal of iodine and 42.5 grams (1.75 gram atoms) of magnesium 
turnings (Eastman Kodak "White Label") were placed in the 
reaction flask. The apparatus was flamed while nitrogen was 
passed through it. A pressure of nitrogen slightly above 
atmospheric was sustained during the reaction. When the flask 
became cool, 100 cc. of anhydrous ether (Baker C.P. dried over 
sodium wire) was added. A small portion of a solution made 
4. Pearson, D. E., J. Am. Chem. Soc., ~' 4169 (1950). 
up of 400 grams (1.65 moles) of p-dibromobenzene (Eastman 
Kodak "White Label") in 130ce. of anhydrous ether was added 
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to the reaction flask. The mixture was heated until it began 
refluxing. The iodine color disappeared and the reaction 
mixture began refluxing from its own reaction heat. The 
mixture was cooled in an ice bath and the remainder of the 
solution was added dropwise at such a rate that refluxing con-
tinued at a safe rate. One hundred cc. of C.P. benzene 
(dried over calcium hydride) was added to insure that all the 
p-dibromobenzene would remain in solution. The deep brown 
coffee colored mixture was refluxed for two and a half hours. 
At this time there was almost no unreacted magnesium left. 
One hundred forty-five grams (1.75 moles) of pivalonitrile 
(a gift of the Eastman Kodak Company),dried over calcium 
chloride, was added slowly to the reaction mixture. The 
cloudy yellow mixture was refluxed thirty-six hours. Five 
hundred cc. of 20% hydrochloric acid was added very slowly and 
with stirring. The resulting two liquid layers were separated. 
The aqueous layer was extracted-with 100 ec. of ether and the 
extract was added to the main ether solution. The ether 
solution was washed with two lOOcc. portions of hydrochloric 
acid, two 100 cc. portions of water, two 100 cc. portions of 
aqueous sodium carbonate solution and again with two 100 cc. 
portions of water. It was dried with calcium chloride. T:&e· 
~~-· WIU'· :fi!l;'jlered-,;o Ether:· :wae: remo:Ved· .t'rom the 't:ilitra 11-' 
b.y lcl1:st11J:a.t1'on~ · ·· 'l'he' z<emain~ ·uqul'il was then fractionated 
under vacuum through a three foot column packed with glass 
helices. A fraction which distilled from 90-95°C. at a 
pressure of three millimeters of mercury solidified in the 
distilling head. The head was heated with steam and the 
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solid melted and flowed into the receiving flask. This frac-
tion had a strong odor of p-dibromobenzene. It had a melting 
point of 84-850C. Para-dibromobenzene has a melting point 
of 85-87°C. The product, which distilled between 108° and 
111°C. at a pressure of three millimeters of mercury, weighed 
212.5 grams (0.89 mole). This corresponds to a yield of 51% 
based on the amount of pivalonitrile. The index of refraction 
of the product at 24°C. was 1,5440. 
The hydrazone of the product was prepared by adding 4 
grams of 85% hydrazine hydrate to a solution of 5.5 grams of 
ketone in 10% absolute ethanol and heating to 110 to l20°C. 
The solid obtained was recrystallized twice from ethanol. A 
white needle-like solid melting at 139.2-141.0°C. (total 
immersion thermometer) was obtained. Pearson4 reports a 30% 
yield of a product boiling between 84 and "85°C. at 1 mm. 
His product had an index or refraction at 25°C. of 1.5493. 
Its hydrazone had a melting point or 134.5 to 136°C. 
A small amount of material which distilled between 120 
and 130°C. solidified on standing. After several recrystal-
liza tions from ethanol-water solutions, a snow white solid 
4. Pearson, D. E., J. Am. Chem. Soc., 12, 4169 (1950). 
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melting at 84-85°C. was obtained. This solid was at first 
considered to be 4,4 1 -dibromobiphenyl. This was found not to 
be the case, however, since p,p 1-dibromobiphenyl has a melting 
point of l64-165°C. 22 The substance was found to be soluble 
in concentrated sulfuric acid. It was assumed to be 4,4'-di-
pivalylbenzene, since this is a probable by-product of the 
above method of preparation. 
<j-(CHJ), 
OMgBr+ ~~H,)3,t;.N MIS,. 0 C.•O 
(.(cH,h 
E. Preparation of p-Bromoneopentylbenzene 
A description of a typical large scale run follows. 
In a two liter round-bottomed flask were placed 630 cc. of 
triethyleneglycol, 112 grams of potassium hydroxide pellets, 
200 grams (0.83 mole) of p-bromopivalophenone and 112 cc. 
(1.90 moles) of 85% hydraziDe hydrate. A reflux condenser 
was attached by means of a large cork stopper and a thermometer 
was suspended in the liquid. The mixture was heated to 120°C. 
After the mixture had been kept between 1100 and 120°C. for 
four hours, 30 ec. more of hydraziDe hydrate was added. The 
22. Lange, N. A., "Handbook of Chemistry,•• 6th ed., Handbook 
Publishers Inc., Sandusky, Ohio, 1946; p. 420. 
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mixture was then heated at 100°C. (measured by a thermometer 
in the reaction mixture) for twelve hours. Thirty cc. more 
of hydrazine hydrate was added and the mixture was kept at 
l00°C. for another hour. The apparatus was then set up for 
distillation and the reaction mixture was heated slowly up 
to 135°C. It was kept at this temperature for three hours. 
Heating was continued until the temperature of the reaction 
mixture reached l80°C. The temperature of the reaction 
mixture was kept between 170° and 180°C, for six hours. 
The reaction mixture was poured into three liters of 
water and stirred manually. After extraction with two 200 cc. 
portions of ether, the water layer was diluted to about 8 
liters and extracted with two 100 cc. portions of ether. The 
ether layers were poured together and washed with two 100 cc. 
portions of water, a 100 cc. portion of saturated aqueous 
sodium carbonate solution and a 100 cc. portion of water. 
It was dried overnight over calcium chloride. The ether 
solution was filtered and the ether was removed on a steam 
bath. The remaining clear yellow liquid was poured into a 
250 cc. flask and subjected to vacuum fractionation through 
a three foot glass helix-packed column. A yield of 107.2 
grams (0,47 MOle<) of clear colorless liquid distilling be-
tween 96 and 980C. 01)2501,5240) at a pressure of 3 milli-
meters of mercury was obtained. This corresponds to a yield of 
57% based on the amount of p-bromopivalophenone used. 
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6 Analysis 
Calculated for cllHlSSr 
C - 58.1 H - 6.7 Br - 35,2 
C - 58.l H - 6.7 Br - 35.2 
F. Nitration of Neopentylbenzene ~ 
(c~ ,~O:,~~(c~O"o~· ~~crv 
A description of a typical large scale run follows. 
Three hundred twenty-five grams (2.2 moles) of neopentyl-
benzene was placed in a two liter three-necked flask equipped 
with a separatory funnel, an all glass motor-driven stirrer 
and a thermometer, which dipped into the reaction mixture. 
A solution of 222 cc. of concentrated nitric acid in 265 cc. 
of concentrated sulfuric acid (previously prepared and 
allowed to cool to room temperature) was added dropwise with 
stirring, .at such a rate that the te!Dperature remained be-
tween 50° and 6QOC. When the addition was complete the miX-
ture was heated to ?0°C, for 10 minutes. It then was allowed 
to cool, with stirring, overnight. 
The layers were separated and the clear orange organic 
layer was shaken with water. Ether was added since the 
boundary between organic and aqueous layers was invisible. 
The layers were separated and the mixture was washed with 
three 100 cc. portions of water. After drying over anhydrous 
calcium chloride overnight, the organic layer was filtered 
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
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and heated on a steam bath to remove ether. The remaining 
clear brown-orange liquid was poured into a one liter round-
bottomed flask and heated at 100°C. for two hours. The 
remaining liquid was subjected to vacuum fractionation under 
a pressure of 3 mm. of mercury. A three foot glass helix-
filled column was employed. 
The portion distilling between 106° and 111°C. was 
assumed to be o-nitroneopentylbenzene. This amounted to 
105.3 grams (0.55 mole) which corresponds to a 25% yield based 
on the amount of 
refraction was: 
neopentylbenzene used. 
240 
n0 • 1.5157. 
The index of 
The portion distilling between 118° and 123°C. was assumed 
to be p-nitroneopentylbenzene. Two hundred and fifteen grams 
240 (1.12 moles) of this substance (nn . = 1.5223) was obtained, 
which corresponds to a 51% yield based on the amount of neo-
pentylbenzene used. Fourteen grams (0.074 mole) of product 
distilled between 111° and 118°C. 
Thirty-eight grams of liquid distilling between 123° and 
124°C. was obtained. This was also assumed to be p-nitroneo-
pentylbenzene. The total yield of nitrated neopentylbenzene 
was 372 grams (1.95 moles) which corresponds to Sa% of theo-
retical based on the amount of neopentylbenzene used. 
34 
G. Preparation of o- and p-Aminoneopentylbenzenes 
R R 
o~·. Hz. o~"· N,· 
R R 
0 H ... 0 Ni 
NOa. NH, 
Only one preparation of each of these products was 
carried out. Several similar reactions were carried out with 
miXtures of o- and p-nitroneopentylbenzene. 
In a hydrogenation bottle were placed 46.9 grams (0.256 
mole) of o-nitroneopentylbenzene together with approximately 
1 gram of freshly prepared Raney nickel and 100 cc. of 95% 
ethanol. The miXture was shaken under 3 atmospheres pressure 
of hydrogen until no more gas was absorbed. 
Another hydrogenation bottle containing 52 grams (0.273 
mole) of o-nitroneopentylbenzene, approximately 1 gram of 
Raney nickel and 100 cc. of 95% ethanol was treated similarly. 
The reaction mixtures were filtered, poured together and 
subjected to distillation. When most of the alcohol had been 
removed, the remaining liquid was subjected to fractional 
distillation through a three foot glass helix-filled column. 
The product consisted of 73.9 grams (0.46 mole) of clear 
golden liquid distilling between 91° and 930C. at three 
35 
millimeters pressure. This corresponds to a yield of 87% of 
theoretical based on the amount of o-nitroneopentylbenzene 
used. The liquid had an index of refraction of 1.5391 at 21°C. 
Para-aminoneopentylbenzene was prepared in a similar 
manner using p-nitroneopentylbenzene. A yield of 104.4 grams 
(0.65 mole) of liquid which solidified on standing was obtained 
from 208.2 grams (1.09 moles) of p-nitroneopentylbenzene. This 
corresponds to a yield of only 59.5%. It is felt that some 
product must have been lost in this particular preparation. 
Yields of up to 86% were obtained from mixtures of o- and 
p-nitroneopentylbenzene. 
Preparation of o- and p-Neopentylacetanilides 
R ft 
o-11/HCcHJ 
B. Q 
Only one preparation of each of these products was 
carried out. Several similar reactions were carried out · 
with mixtures of o- and p-aminoneopentylbenzene. 
A solution was made up of 48 cc. of concentrated hydro-
chloric acid and 1400 ec. of water. To the solution 73.6 
grams (0.457 mole) of o-aminoneopentylbenzene was added and 
the mixture was stirred until dissolution was complete. The 
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solution was heated to S0°C. and the mixture was stirred 
vigorously while 60 grams (0.59 mole) of acetic anhydride 
was added. Immediately a solution of 78 grams (0.95 mole) of 
sodium acetate in 260 cc. of water was added with stirring. 
Then the mixture was allowed to stand overnight. The mixture 
was filtered yielding a brownish lumpy solid. This was crystal-
lized from 95~ ethanol and a grayish white powder was obtained. 
This solid was subjected to fractional crystallization from 
ethanol- water solutions. The product consisted of 35.2 
grams (0.173 mole) of white needle-li~e crystals M.P. 121-1230C. 
This corresponds torra yield of 38~ based on the amount of 
o-aminoneopentylbenzene. The yield was actually better than 
this since the mother liquors from the fractional crystalli-
zations were used in the crystallization of product obtained 
from the acetylation of mixtures of o- and p-aminoneopentyl-
benzenes. 
Analysis23 c - 76.0 
Calculated for CrJ fh'!::NO C - 76.1 
H - 9.2 N - 6.9 
H - 9.3 N - 6.8 
Para-neopentylacetanilide was prepared in a similar manner. 
A yield of 7~ was obtained in this ease. The product consisted 
of white flakes melting at 165-165.5°C. 
Analysis23 C - 76.0 H - 9.3 N - 6.8 
This compound was prepared previously by Berliner and Berliner21 
23. Analysis by K. Ritter, Basel, Switzerland. 
21. Berliner, E., and Berliner, F., J. Am. Chem. Soc., 11, 
1195 (1949). 
who reported a melting point of 164-5 - 165.5°C. 
H. Bromination of p- and o-Neopentylacetanilides 
R o 
" 0 ,.,,,,,$ 
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Thirty-two grams (0.156 mole) of o-neopentylacetanilide 
was dissolved in 180 cc. of glacial acetic acid. After addi-
tion of a half gram of iron powder, a solution of 6.5 cc. of 
bromine (O.l27mole) in 160 cc. of glacial acetic acid was 
added with stirring. After being stirred overnight the solu-
tion had become orange and cloudy. It was poured into three 
liters of cold water. The resulting mixture was filtered and 
the so~ obtained was washed several times with sodium bi-
sulfite solution and then recrystallized from benezene. After 
a second recrystallization, 32.5 grams (0.115 mole) of white 
powder was obtained. This was assumed to be a mixture of 
2-neopentyl-6•bromoacetanilide and 2-neopentyl-4-bromo-
acetanilide. This corresponds to a yield of go;' of theoreti-
cal based on the amount of ~~n '. 
4-Neopentyl-2-bromoacetanilide was prepared in a similar 
manner from 65.5 grams (0.317 mole) of p-neopentylacetanilide. 
The yield of white leaflets melting between 122-124°C. was 
not recorded. 
The following is the result of an analysis of 4-neo-
pentyl-2-bromoacetanilide. 
Analysis23 Br - 27.1 
Br - 28.2 
The product probably contained some unbrominated starting 
material. 
I. Deacetylation of Neopentylbromoacetanilides 
The 32.5 grams (0.115 mole) of the product obtained from the 
bromination of o-neopentylacetanilide was mixed with 110 cc. 
of absolute ethanol and 52 cc. of concentrated hydrochloric 
acid. The mixture was refluxed for 24 hours. At this time 
the solid had almost completely dissolved giving a clear 
yellow solution. The solution was poured onto a liter of ice 
and stirred. The resulting solution was made basic with 
potassium hydroxide and filtered. This solid was washed with 
water and dried in a desiccator over anhydrous calcium 
chloride. The solid which was not purified further was 
23. Analysis by K. Ritter, Basel, Switzerland. 
39 
brownish and weighed 24 grams (0.10 mole). This corresponds 
to an 88% yield of crude product. 
Deacetylation of the 4-neopentyl-2-bromoacetanilide 
yielded 53.2 grams (0.22 mole) of a similar brown crystalline 
solid. This corresponds to a yield of crude product of 69% 
based on the amount of p-acetaminoacetanilide used. On puri-
fication of a portion of this product, small, white needle-
like crystals having an amine-like odor and a melting point 
of 54-55°C. were obtained. This was assumed to be 4-neopentyl-
2-bromoaniline. 
J. Preparation of m-Bromoneopentylbenzene 
NIINOJ. olt f/,PO.. 
colq 13 ,. 
Seventy-three grams (0.30 mole) of crude neopentylbromo-
analine prepared without separation of the isomers was dis-
solved in 700 cc, of glacial acetic acid. The solution was 
cooled to 20°C. and 40 co. of concentrated.sulfuric acid was 
;' 
added slowly. This solution was set on an ice bath to cool. 
A solution was made up of 10 grams (0.145 mole) of sodium 
nitrite in 100 cc. of water and to this solution was added 
400 cc. (3.8 moles) of previously cooled (OOC,) 50% hypo-
phosphorous acid. This solution was cooled to 0°C. 
The first solution was added to the second solution at 
such a rate that the temperature of the resulting solution 
40 
never exceeded 5°C. The mixture was left in an ice bath for 
1 hour. A solution of 30 grams (0.435 mole) of sodium nitrite 
in 100 cc. of water was added slowly. With each addition a 
large amount of gas vas evolved. The reaction mixture was 
removed from tte ice bath and allowed to stand overnight. The 
reaction mixture was diluted with 2 liters of ice water and 
was allowed to stand with stirring for one half hour. The 
mixture was filtered and the filtrate was extracted with two 
100 cc. portions of ether. The ether extracts were washed 
with two 50 cc. portions or saturated aqueous sodium carbonate 
followed by two 100 cc. portions of water. The ether solution 
was dried overnight with anhydrous calcium chloride. After 
filtration, the ether was removed by distillation. On vacuum 
distillation, 39.5 grams of yellow liquid was obtained, d.is-
tilling at 78-82°C. at a pressure of 2 millimeters of mercury. 
This corresponds to a yield of 57% of somewhat crude product. 
On standing for two weeks this liquid remained clear but 
became brown as did other liquids obtained from similar 
preparations. The products were poured together, diluted with 
dry ligroin and poured through a chromatographic column con-
taining activated alumina. The solutions were heated to 
remove solvent and the remaining clear colorless liquid was 
subjected to fractionation. Liquid distilling at 80-81°C. at 
a pressure of 2 millimeters of mercury was used in the prepa-
ration of the substituted triphenyl carbinols. This liquid 1 
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22° 
no = 1.5232, was completely used up in carbinol preparations. 
Analysis was performed on liquid which had been distilled 
rather than fractionated. 
Analysis23 C 57.1% H 6.7% Br 36.3% 
Calculated for C11H15Br C 58.1% H 6.7% Br 35.2% 
The liquid probably contained a small amount of 3,5 dibromo-
neopentylbenzene, which was carried over in the distillation. 
A distillate from the first vacuum distillation, which 
came over at about 124°C. at 3 mm pressure, solidified on 
standing. The solid was recrystallized from petroleum ether. 
The solid which melted at 43-44.5°C. was assumed to be 
3,5 dibromoneopentylbenzene. 
Analysis 23 c 41.0 H 4.8 Br 54.2 
Calculated for c11a1~r2 c 43.2 H 4.6 Br 52.2 
The products obtained from the deacetylation of the bromination 
products of o- and p-neopentylacetanilide were reacted sepa-
rately by the same procedure. The products had a boiling 
point of 80-82°C. at a pressure of 2mm of mercury. 
K. Attempted Oxidation of p-Bromoneopentylbenzene24 
One gram (0.0044 mole) of p-bromoneopentylbenzene was 
added to a solution of 4 grams (0.025 mole) of potassium 
permanganate in 80 cc. of water. One cc. of 10% sodium 
23. Analysis by K. Ritter, Basel, Switzerland. 
24. Shriner, R. L., and Fuson, R. c., "Identification of 
Organic Compounds," 2nd ed., J. Wiley and Sons, New 
York, N.Y., 1940; p. 163. 
• 
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hydroxide was added and the mixture was refluxed for 100 hours. 
The mixture was made acid with dilute sulfuric acid and re-
fluxed for 30 minutes. Solid sodium bisulfite was added with 
stirring until the mixture was colorless. The remaining mix-
ture contained a denser than water organic layer and a water 
layer which contained a small amount of white solid. 
On addition of ether, the organic layer dissolved but the 
solid remained undissolved. The white solid was dissolved in 
a warm aqueous sodium carbonate solution. A small amount of 
solid which remained undissolved was pinkish. It was probably 
a manganese salt. The sodium carbonate solution was filtered 
and dilute hydrochlo~ic acid was added until the solution 
was acid to litmus. The gelatinous ~recipitate which resulted 
was filtered and dried. The pink powder which melted above 
360°C. was probably a manganese salt. 
On evaporation of the ether from the ether extract a 
clear yellow-brown liquid .which had an odor similar to that 
of p-bromopivalophenone remained. 
L. A Second Attempted Oxidation of p-Bromoneopentylbenzene 
In a 50 cc. flask were placed 20 cc. of water, 10 grams 
(0.0382 mole) of sodium dichromate, 7 grams (0.031 mole) of 
p-bromoneopentylbenzene and 10 cc. of concentrated sulfuric 
acid. The reaction mixture was heated to r eflu,x for 20 hours. 
The cooled reaction mixture was extracted with two 50 cc. 
portions of ether. Ether extracts were poured together, 
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washed with 10% hydrochloric acid, water, and two 50 cc. por-
tions of saturated aqueous sodium bicarbonate. On acidifica-
tion of the sodium bicarbonate extracts only a trace of white 
solid was formed. 
The ether extract was heated on a steam bath to remove 
ether. A brown liquid smelling like p-bromopivalophenone re-
mained. Twenty cc. of water, 10 grams (0.0382 mole) of sodinm 
dichromate and 10 cc. of concentrated sulfuric acid were 
added. The mixture was heated to reflux for 120 hours. The 
mixture was cooled, diluted with 25 cc. of water and extracted 
with two 50 cc. portions of ether. The ether extracts were 
poured together, washed with water and then with two 50 cc. 
portions of saturated aqueous sodinm carbonate. The sodium 
carbonate extract was acidified with dilute hydrochloric acid 
and a small amount of white solid separated. The mixture was 
filtered and the solid was recrystallized from chloroform. 
There was obtained a very small amount of white powder which 
partially sublimed and partially decomposed at approximately 
200°C. A melting point was taken of the sublimate. It was 
found to melt at 160-161°C. The identity of this solid has 
not been determined. Para-bromobenzoic acid melts at 
112-113°C. 25 
25. Lange, N. A., "Handbook or Cllemistry," 6th ed. Handbook 
Publishers Inc., Sandusky, Ohio, 1946; p. 380. 
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M. Preparation of Neopentylbenzene from p-Bromoneopentylbenzene 
o+Mg···~o 
Br- MgB,... 
The Grignard reagent was prepared from 20 grams of p-
bromoneopentylbenzene by the same technique as was used in 
the preparation of p-neopentylphenyldiphenyl carbinol. The 
Grignard mixture was refluxed for 16 hours and then water and 
dilute hydrochloric acid vere added with stirring. Stirring 
was continued for one hour. The ether layer was washed with 
dilute sulfuric acid, water, dilute aqueous sodium. bicarbonate 
solution and once more with water. The ether layer was dried 
overnight over anhydrous calcium chloride. The ether was 
removed by evaporation and the remaining liquid was poured 
into a semimicro fractionation apparatus and distilled. The 
major portion of the distillate, which distilled at l84°C., 
had an index of refraction at 25°C. of 1.4850 (nn>· Neopentyl-
1 benzene prepared by the Bygden method had a boiling point of 
l82-184°C. and an index o:f' retraction of 1.4855 (nn) at 25°C. 
The mono-acetamino derivative of the above product pre-
pared in small quantities by nitration, reduction and acetyla-
• 
tion as described on pages 32 to 36 had a melting point 
of 162.5 - 164°C. Para neopentylacetanilide prepared from 
1. Bygden, A., Ber., i§, 3479 (1912) • 
• 
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neopentylbenzene obtained from the Bygden preparation had a 
melting point of 163 - 164°C. The melting point of a mixture 
of these derivatives was 162.5 - 164°C. 
N. Preparation of p-Neopentylphenyldiphenyl Carbinol 
The same apparatus which was employed in the preparation 
of neopentylbenzene was used in this preparation, except that 
in this case, a one liter three-necked flask was employed. 
A crystal of iodine and 3.84 grams (0.16 mole) of 
magnesium turnings (Dow "super pure" sublimed magnesium - gift 
of Dow Chemical Co.) were placed in the reaction flask. In 
order to remove all water, the apparatus was flamed with a 
gas flame while nitrogen was passed through the system. The 
system was kept under a slight pressure of nitrogen throughout 
the reaction. When the reaction flask had cooled, a small 
amount of a solution of 36.1 grams (0.16 mole) of p-bromoneo-
pentylbenzene in 300 cc. of anhydrous ether was added. There 
was no evidence of reaction. A large crystal of iodine was 
added. Bubbling started immediately at the point where the 
iodine contacted the magnesium. The bubbling was slow and 
its rate didn't increase on standing. The mixture was 
stirred but the rate of bubbling remained slow. Two drops of 
ethyl iodide were added. The mixture was warmed externally. 
The heat source was removed but the refluxing continued. 
The remainder of the p-bromoneopentylbenzene solution was 
added dropwise. The mixture was refluxed under external 
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heat for two hours after addition was complete. The reaction 
mixture was yellowish and cloudy. A small amount of magnesium 
remained unreacted. An approximate determination showed a 
60% yield of Grignard reagent determined by the addition of 
standard hydrochloric acid to an aliquot of the reaction mix-
ture followed by back-titration with standard sodium hydroxide 
solution to a methyl red endpoint. 
A solution of 27.3 grams (0.15 mole) of benzophenone in 
100 cc. of anhydrous ether was added dropwise with stirring 
to the reaction mixture. With the addition of each drop the 
solution became pink, a vigorous bubbling occurred. This 
phenomenon was not noted during the addition of the last 20 to 
30 cc. of solution. The mixture was refluxad under external 
heating for two hours. 
A solution of 50 grams of ammonium chloride (Merck re-
agent grade) in 200 cc. of water was added slowly with stirring. 
After the mixture had been stirred for two hours the ether 
and aqueous layers were separated. The ather layer was washed 
with two 50 cc. portions of 25% ammonium hydroxide solution, 
two 50 cc. portions of water, two 50 cc. portions of saturated 
aqueous sodium carbonate solution and once more with two 
50 ce. portions of water. The ether solution was poured 
without drying into a flask set up for steam distillation. 
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Most of the ether was removed by distillation and the remain-
ing yellow liquid was subjected to steam distillation. After 
eight liters of distillate were obtained, the undistilled 
portion was poured into a beaker and allowed to cool. Water 
was decanted leaving lumps or sticky yellow semi-solid. 
Figure III indicates the subsequent treatment or this 
semi solid. 
Seven and four tenths grams (.02 mole) of white crystal-
line solid melting at 99-loooc. was obtained. This corre-
sponds to a yield of 15%. Doubtless considerably more of 
the p-neopentylphenyldiphenyl carbinol was present in the 
mother liquors and solids which had not been completely puri-
fied. It was considered that the purification or these 
leftover solids and mother liquors would be too time consuming 
to be practical. 
The purified product dissolved readily in concentrated 
sulfuric acid giving a clear red-brown solution. 
is characteristic or triphenyl carbinols. 
Analysis6 C. 87.0 
Calculated for c24H260 c. 87.2 
This behavior 
Three similar preparations were carried out in which the 
yields were not recorded. In one case, where the mother 
liquors were worked up more completely, a white flaky solid 
melting at 139-l40°C. was obtained in addition to the regular 
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
F.J:GURE III* 
PURIFICATION OF p-NEOPENTYLPHENn.DIPHENYL CARBINOL 
Residue from Steam Distillation 
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product. This solid was not soluble in concentrated sulfuric 
acid. It was assumed to be 4,4 1 dineopentylbiphenyl. 
Analysis6 
Calculated for C22H30 
c. 89.7 
c. 89.7 
H 10.3 
H 10.3 
In this same preparation, less than 1 gram of white crystalline 
solid M.P. lll-112.5°C. was obtained. This solid was soluble 
in sulfuric acid giving a deep red solution. Infra red 
analysis18 of this solid and of the main product showed this 
to be the ethyl 
6 
ether of p-neopentylphenyldiphenyl carbinol. 
Analysis 
Calculated for c26H30o 
c. 86.8 
c. 87.1 
H 8.3 
H 8.4 
0. Preparation of Di-p-Neopentylphenyl phenyl Carbinol 
H2o 2 p-RC6H4MgBr + C6H5COgBt H+ • (p-RC6H4 )2C6H5COH 
The emtgaamd·re'agent::-·:3 was prepared from 45.4 grams (0.2 
mole) of p-bromoneopentylbenzene by the method described under 
the preparation of p-neopentylphenyldiphenyl carbinol. To 
the Grignard solution, a solution made up of 13.0 grams (0.087 
mole) of ethyl benzoate in 100 cc. of anhydrous ether (Baker 
C.P.) dried over sodium wire was added dropwise. The entire 
reaction was carried out under an atmosphere of dry nitrogen. 
6. Analysis by Dr, Carol Fitz, Needham Heights, Mass. 
18. These infra red analyses were performed by personnel of 
Beird Associates, Cambridge, Mass. who also assisted 
in interpreting the spectra. 
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The color of the reaction mixture changed from yellow to 
orange. The mixture was refluxed for twelve hours. One 
hundred cc. of a saturated solution of ammonium chloride was 
added and the resulting mixture was stirred for four hours. 
The layers were separated and the ether layer was washed with 
two 50 cc. portions of water, two 50 cc. portions of saturated 
ammonium chloride solution, two 50 cc. portions of water, two 
50 cc. portions of saturated aqueous sodium carbonate solution 
and once more with two 50 cc. portions of water. 
The ether was removed by distillation and the remaining 
liquid was subjected to steam distillation until eight liters 
of distillate were obtained. The water was decanted from the 
residue. The residue was dissolved in ethanol. On cooling 
an orange viscous liquid separ~ted out. 
After standing for three months some white crystalline 
solid separated out of the viscous material. Hot petroleum 
ether was added and the mixture was stirred until only the 
crystalline solid remained undissolved. The mixture was 
cooled and considerable yellow solid separated out. This 
solid was subjected to fractional crystallization from 
ethanol and ethanol-water solutions. 
Purification was accomplished by a scheme similar to 
that employed in the case of p-neopentylphenyldiphenyl 
carbinol. The yield of white solid with a melting point of 
123-124oc. was 2.2 grams (0.0018 mole) which corresponds to 
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a yield of 6% of theoretical. There were impure solids and 
mother liquors which doubtless contained much of the desired 
product, left over after the crystallizations. 
The 123-124° melting product dissolved in concentrated 
sulfuric acid to give an orange red solution. This is an 
indication that the product is actually a triphenyl carbinol. 
Analysis6 c. 86.7 H 9.3 
Calculated for c29H360 c. 86.9 H 9.1 
A second product, which consisted of white flakes, M.P. 
139.5-140.5P, was obtained. A mixed melting point with 4,4 1 
dineopentylbiphenyl which had been obtained, in the prepara-
tion of p-neopentylphenyldiphenyl carbinol was 139-140.5°C. 
This product was obtained in yields of up to 16% in other 
preparations of di-p-neopentylphenylphenyl carbinol. 
P. Preparation of Tri-p-Neopentylphenyl Carbinol 
The Grignard reagent (theoretically 0.16 moles) of 
p-bromoneopentylbenzene was prepared by the same method and 
in the same amounts as described under preparation of p-neo-
pentylphenyldiphenyl carbinol. A solution of 7.8 grams (0.066 
mole) of diethyl carbonate in 50 cc. of anhydrous ether 
(Baker C.P. dried over sodium wire) was added slowly with 
6. Analysis by Dr. Carol Fitz, Needham Heights, Mass. 
stirring to the Grignard solution. The mixture was refluxed 
overnight. The entire reaction was carried out under an 
atmosphere of dry nitrogen. TWo hundred cc. of a saturated 
ammonium chloride solution was added slowly with stirring to 
the reaction mixture. The mixture was stirred for eight hours. 
The layers were separated and the ether layer was washed 
with two 50 cc. portions of saturated ammonium Chloride solu-
tion, two 50 cc. portions of water, two 50 cc. portions of 
saturated aqueous sodium carbonate solution and two 50 cc. 
portions of water. The ether was removed by distillation and 
the residue was subjected to steam distillation until four 
liters of distillate were obtained. The water was decanted 
from the residue which was then dissolved in petroleum ether. 
On cooling, a yellow solid was obtained. After fractional 
crystallization from ethanol and ethanol-water solutions, two 
separate white solids were obtained. 
One product, which consisted of long white needles, 
melted at 195-1960C. This solid dissolved in concentrated 
sulfuric acid to give a deep yellow solution. This is charac-
teristic of a triphenylcarbinol. 
Analysis23 c. 86.8 H 10.1 
Calculated for C34H450 c. 86.8 H 9.9 
A second product consisted of white flakes. It had a 
melting point of l39-140°C. A mixed melting point with 
23. Analysis by K. Ritter, Basel, Switzerland. 
4,4' dineopentylbiphenyl obtained from the preparations of 
p-neopentylphenyldiphenyl carbinol vas 138-139°C. 
The weights of the products were not recorded. 
Q. Preparation of m-Neopentylphenyldiphenyl Carbinol 
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In a one liter three-necked flask equipped with a reflux 
condenser, stirrer, and a separatory funnel, were placed 2.4 
grams (0.1 gram atom) of magnesiUII turnings (Dow "super pure" 
sublimed). The apparatus vas heated with a gas flame while 
dry nitrogen vas passed through it. At all times during the 
following reaction a pressure of dry nitrogen slightly above 
atmospheric was maintained in the system. When the system had 
cooled, 30 cc. of anhydrous ether (Baker C.P. dried over 
sodium wire) vas added to the reaction flask. A few drops of 
the solution of 22.7 grams (0.10 mole) of m-bromoneopentyl-
benzene (dried over calcium hydride and filtered) in 250 cc. 
of anhydrous ·ether were introduced into the reaction flask 
with a crystal of iodine. The mixture vas heated almost to 
boiling but there vas no evidence of reaction. Three drops of 
ethyl iodide were added and the mixture vas heated once more. 
A reaction started but it was localized. The mixture vas 
stirred for five minutes. When the stirring vas stopped it 
vas noticed that the reaction had speeded up considerably. On 
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standing, however, the reaction slowed almost to a stop. The 
mixture was once more stirred and the reaction speeded up. 
The remainder of the m-bromoneopentylbenzene solution was 
added dropwise and the mixture was refluxed under external 
heating for two hours. Some solid magnesium remained. 
When the mixture had cooled, a solution of 17 grams (0.093 
mole) of benzophenone solution, the solution turned first 
yellow and then red. When addition was complete, the mixture 
was refluxed for two hours. On exposure to air the mixture 
turned from red to yellow almost immediately. The mixture 
was filtered and the filtrate was diluted with 25% aqueous 
ammonium chloride and stirred. The residue of the filtration 
which weighed 0.19 gram after being dried in an oven at 
110°C. for five minutes, was discarded. 
The layers in the filtrate were separated and the ether 
layer was washed with two 50 cc. portions of 25% aqueous 
ammonium chloride solution, two 50 cc. portions of water, two 
50 cc. portions of saturated aqueous sodium carbonate solution 
and finally with two 50 cc. portions of water. The ether was 
removed by distillation. The residue was subjected to steam 
distillation until eight liters of distillate were obtained. 
The undistilled portion was poured while still hot into a 
beaker and allowed to cool. Water was decanted leaving a 
sticky viscous yellow-brown liquid. The liquid was dissolved 
in 95% ethanol and the solution was allowed to cool slowly. 
After twelve hours, a viscous clear yellow liquid had 
separated out. Ethanol was removed by distillation and tt.e 
remaining liquid was mixed with 20 cc. of petroleum ether. 
The mixture was refluxed for one and a half hours. At the 
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end of this time the mixture had become a solution. It was 
allowed to cool slowly. Once more a viscous yellow liquid 
separated out. Attempts to crystallize this liquid failed. 
Techniques employed to obtain crystals from the liquid include 
the following: 
1. Attempted crystallization from the following sol-
vents: ether, 95% ethanol, absolute ethanol, benzene, 
ligroin, petroleum ether, ethyl acetate, methyl alcohol, 
isopropyl alcohol, and carbon tetrachloride. No crystals 
were obtained. 
2. On standing ten months, the liquid had become a 
glassy semi-solid. It was heated with a small quantity 
of petroleum ether and filtered. A small amount of solid, 
melting at 215-22G°C., was obtained. This solid did not 
dissolve in concentrated sulfuric acid. The petroleum 
ether was evaporated from a filtrate leaving a clear 
yellow syrup. This syrup was dissolved in the smallest 
quantity of hot petroleum ether which would dissolve it. 
The solution was cooled and a seed of the 215-220°C. 
solid was added. No solid separated. 
3. The solvent was evaporated from the above solution. 
The resulting syrup was cooled with a Dry Ice-acetone 
bath. It was scratched with a stirring rod until it 
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became cool enough to become a clear glass. T.he material 
was removed from the cooling bath. It was scratched with 
a stirring rod until it.reached room temperature. This 
treatment was repeated several times but no crystals 
separated out. 
4. A portion of the syrup from above was dissolved in 
petroleum ether and the resulting solution was poured 
through a chromatographic column packed with alumina and 
Super- Cel. The column was 4tltut.ed with petroleum ether, 
twice with ligroin and twice with benzene. The petroleum 
ether eluate on evaporation left nothing, as did the first 
ligroin eluate. The second ligroin eluate left a small 
amount of yellow liquid. The benzene eluates on evapo-
ration left considerable yellow liquid. A small portion 
of the liquid was mixed with concentrated sulfuric acid. 
It dissolved completely and gave a clear deep red solution. 
This behavior is characteristic of triphenyl carbinols. 
Attempts to crystallize this liquid from ethanol and from 
petroleum ether failed. 
5. A portion of the syrup, obtained in section 3 above, 
was subjected to high vacuum distillation. The distillate 
was a clear yellow liquid which was quite viscous at room 
temperature. The residue was a dark tan. 
The distillate was dissolved in ethanol and heated 
with Nuchar. The mixture was filtered hot. The filtrate 
was still colored so the heating with Nuchar was repeated 
several times. The resulting liquid, after evaporation 
and cooling, yielded a clear yellow liquid. 
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6. The liquid above was dissolved in ethanol and a drop 
of concentrated sulfuric acid was added. The mixture 
was heated to convert the alcohol to the ethyl ether. 
Attempted crystallization of the resulting liquid from 
petroleum ether, ethanol and ethyl acetate failed. The 
liquid was mixed with water, a drop of concentrated sul-
furic acid was added and the mixture was refluxed in order 
to reconvert any ether which had formed to carbinol. 
7. A solution of a portion of the residue from steam 
distillation was dissolved in dry benzene containing 
acetyl chloride and the solution was refluxed in a nitrogen 
atmosphere in an attempt to convert the carbinol to the 
chloride. The solution was heated under a slight vacuum 
to remove acetyl chloride. The remaining liquid was 
cooled but no crystals were obtained. Attempts to obtain 
crystals from petroleum ether and ligroin solutions 
failed also. 
In the above work every attempted crystallization 
was allowed to proceed overnight in a refrigerator. In 
some cases it was allowed to proceed over a period of 
months. 
8. A portion of the original residue from the steam dis-
tillation was dissolved in benzene. The resulting solu-
tion was shaken with concentrated sulfuric acid. The 
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layers were separated. It was expected that the sulfuric 
acid layer, which was deep red and clear, contained all of 
the m-neopentylphenyldiphenyl carbinol. Small pieces of 
ice were added to the sulfuric acid solution with stirring. 
A piece of ice was not added until the previous piece had 
completely melted. After considerable dilution the deep 
color disappeared and a cloudy yellow white liquid sepa-
rated out. The mixture was extracted with ether. The 
ether extracts were washed with saturated aqueous sodium 
carbonate solution and water. The ether was evaporated, 
leaving a clear yellow liquid. It was dissolved in benzene 
and heated with Nuchar. The mixture was filtered and the 
filtrate was once more treated with Nuchar. The mixture 
was filtered and the filtrate was partially evaporated 
and cooled. A yellowish liquid separated out. Attempts 
to crystallize this liquid from ethanol, petroleum ether 
and ethyl acetate failed. The liquid was dissolved in 
95~ ethanol. The solution was poured into a glass stoppered 
flask and allowed to stand in a refrigerator. After two 
years white crystals separated. After several recrystal-
lization& from ethanol, 2.5 grams of white solid melting 
at 53-560C. were obtained. This was assumed to be 
m-neopentylphenyldiphenyl carbinol. 
Analysis6 c. 87.7 H 8.0 
Calculated for c24H26o c. 87.2 H 7.9 
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R. Attempted Preparation of Di-m-Neopentylphenylphenyl Carbinol 
The Grignard reagent of m-bromoneopentylbenzene was pre-
pared by the same method and in the same quantity as described 
under the preparation of m-neopentylphenyldiphenyl carbinol. 
One half of a solution of 12 grams (0.08 mole) or dry 
ethyl benzoate in 100 cc. of anhydrous ether (Baker C.P. dried 
over sodium wire) was added to the yellow clear Grignard solu-
tion. There was no sign of a reaction. When the mixture was 
stirred, vigorous refluxing began but there was no color 
change. After the mixture bad been refluxed for one half 
hour, the rest of the ethyl benzoate solution was added over 
a period of one hour. The mixture was then refluxed for two 
hours. At. the end of this time a 25% solution of ammonium 
chloride in cold water vas added slowly and the mixture was 
allowed to stand overnight. The aqueous layer was still 
cloudy. Fifty cc. more of the ammonium chloride solution was 
added together with 10 cc. of ether. After the mixture had 
been stirred for one hour, the layers were separated and the 
ether layer was washed with two 50 cc. portions of aqueous 
ammonium chloride solution, two 50 cc. portions of cold water, 
two 50 cc. portions of saturated aqueous sodium carbonate 
solution and finally with two 50 cc. portions of water. 
The ether solution was transferred to a distilling flask 
and subjected to steam distillation. After two liters of 
distillate were obtained, the distillate came over perfectly 
clear. The distillation was stopped after the third liter 
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was collected. The water in the residue was removed by 
decantation and the organic layer was dissolved in hot petroleum 
ether. The clear yellow solution was allowed to stand at 
room temperature until the petroleum ether had evaporated. 
A clear yellow glass which contained no solid was obtained. 
Attempts to crystallize this "glass" from ethanol, petroleum 
ether and ethyl acetate failed. An ethanol solution of the 
"glass" was allowed to stand in a refrigerator for a long 
period of time. After six months, colorless crystals began 
separating out. These crystals were used as "seeds" in fur-
ther crystallizations. The resulting solid still had a long 
melting point range (value not now available). The yield was 
not recorded. The solid was employed in the preparation of 
di-m-neopentylphenylphenylmethylchloride. 
s. Attempted Preparation of Tri-m-Neopentylphenyl Carbinol 
H+ ? 
The Grignard reagent of m-bromoneopentylbenzene was pre-
pared by the method described under the preparation of m-neo-
pentylphenyldiphenyl carbinol. However only 0.85 gram (0.035 
mole) of magnesium and 8.0 grams (0.035 mole) of m-bromoneo-
pentylbenzene were used. 
A few drops of ethyl carbonate (Eastman Kodak White Label) 
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were added to the solution of the Grignard reagent and reflux-
ing began immediately. On standing for about 30 seconds the 
solution turned pink and 30 seconds later turned yellow again. 
Ethyl carbonate was added dropwise until a total of 1.4 grams 
(0.012 mole) had been added. The mixture was refluxed for 
two hours. One hundred cc. of ether was added to the reaction 
mixture and the layers were separated. The ether layer was 
washed with two portions of 5~ hydrochloric acid, two 50 cc. 
portions of water, two 50 cc. portions of saturated aqueous sodium 
carbonate solution and finally with two 50 cc. portions of 
water. The ether was removed by distillation and the residue 
was subjected to steam distillation. After three liters of 
distillate had been collected, the distillate came over 
colorless and the distillation was stopped. The water was 
decanted leaving a sticky clear yellow glass. Attempts to 
obtain crystals from this glass failed. 
The glass was refluxed with petroleum ether. The result-
ing solution was allowed to cool with scratching. No crystals 
formed. The solution was allowed to stand in a refrigerator 
for two weeks. Ko crystals were obtained. Attempts to 
crystallize the material from ethanol and ethyl acetate also 
failed. An ethanol solution of the "glass" was heated with 
Norite and filtered. This process was repeated several times. 
The resulting ethanol was partly evaporated and placed in the 
refrigerator for a month. No crystals separated out. 
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The ethanol was removed 1mder vacuum. The sticky "glass" 
was frozen to a stiff "glass" in a dry ice-acetone bath. It 
was then allowed to come slowly to room temperature. It was 
hoped that crystals would separate out as the "glass" passed 
through the optimum temperature range for the crystallization 
or this compound. This process was repeated several times 
but no crystals were obtained. 
The sticky "glass" was allowed to stand in a refrigerator 
for two years. No crystals were obtained. The "glass" was 
dissolved in anhydrous benzene. Acetyl chloride was added 
and the solution was refluxed in a nitrogen atmosphere. It 
was hoped to convert the carbinol to the chloride by this 
means. Most of the benzene was removed under vacuum and the 
solution was once more placed in the refrigerator. After one 
week no solid had separated out. The solvent was removed 
~mder vacuum. The resulting "glass" was dissolved in dioxane. 
This solution was placed in a refrigerator for two months, 
no crystals separated. 
T. Preparation of Di-m-Neopentylphenylphenylmethyl Chloride 
(m- RC6H4 ) 2C6H5COH + CH3COC1 - (m-RC6H4 ) 2C6H5CC1 
In a 50 cc. round-bottomed flask was placed 0.90 gram 
(0.0023 mole) of presumed di-m-neopentylphenylphenyl carbinol, 
from the above preparation. Twenty cc. of anhydrous benzene 
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(thiophene free, dried over calcium hydride) was added and the 
mixture was shaken until solution was complete. Approximately 
8 cc. or freshly distilled acetyl chloride was added and the 
resulting solution was refluxed in a dry nitrogen atmosphere 
for 90 minutes. One half gram of decolorizing charcoal was 
added and the mixture was filtered through a sintered glass 
filter under nitrogen pressure. The clear slightly yellow 
filtrate was heated on a steam bath under vacuum to remove 
acetyl chloride. As acetyl chloride escaped, the solution 
lost its yellow color. The solution was evaporated almost to 
dryness but no crystals were obtained. The residue was dis-
solved in dry petroleum ether (dried over calcium chloride). 
On standing in a refrigerator overnight, the solution yielded 
white crystals. The solution was filtered under nitrogen and 
the solid was placed under vacuum in a drying pistol at 54oc. 
This solid had a melting point or 93.5-95°C. 
Analysis 
Calculated for c29H35c1 
C. 82.1 H 8.6 
C. 83.1 H 8.4 
Cl 9.2 
Cl 8.5 
A portion or the solid was dissolved in dry petroleum ether 
(dried over calcium hydride) then treated twice more with 
absorbing charcoal. The solid obtained was recrystallized 
from petroleum ether and filtered under nitrogen. The result-
ing white solid after being dried in a drying pistol at 54°C. 
had a melting point of 94.9-96.2 (uncorrected). Analysis by 
20 the method of Vignale indicated that the chlorine content 
20. Vignale, M.i Ph.D. Dissertation, Boston University, 
1956; p. 17 0 
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was 100.5% of that calculated to be present 1n di-m-neopentyl-
phenylphenylmethyl chloride. 
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I, INTRODUCTION 
The purpose of the experiments described in this dis-
sertation was to study the Bamberger reaction and determine 
the kinetics of reaction of nitric oxide with nitroso com-
pounds, It was felt that the study might also yield infor-
mation concerning the structure of nitroso dimers. 
The Bamberger reaction bears the name of Eugene Bam-
berger who found that solutions of nitrosobenzene react with 
nitric oxide to yield phenyldiazonium nitrate:l,2 
+ -C6H5'NO+ 2NO ~ C6H5N2 NO) 
He also found that the same product could be obtained by add-
ing concentrated sodium nitrite solution to an acetic acid 
solution of nitrosobenzene,3 
Nesmeyanov and Ioffe4 later made a study of the Bam-
berger reaction, They passed nitric oxide through solutions 
of various nitroso compounds, Any diazonium nitrate formed 
was coupled and removed from the solution by filtration, 
Table I lists the compounds which reacted, 
Only starting material was isolated after nitric 
oxide was passed through solutions of the compounds listed 
1Bamberger, E., Ber., .3.Q, 5'06, (1897) 
2Bamberger, E., Busdorf, H. and Szolayski, B., Ber., 
~' 210, (1899) 
)Bamberger, E.' Ber., 2J,., 634, (1918) 
~esmeyanov, A. N. and Ioffe, S. T., J. Gen. Chem., 
(U,S,S,R), 11, 392, (1941) 
Table I 
Corrtpowl1d& Retieted wit11 N;t,-ic O~ide 
by Nes mey<1 nov a.11d loffe "· 
S olve.,t 
etJ,er-
etJ,e,-
ethe,... 
2 
'1a Yield 
30 
7/ 
</. Nesvneya11ov, A-N., «l?d 1offe, S.T. 1 
3q.2- '/OJ , (I '1 'i/) 
J Ge11. Cne r?'f., (U.S.S.R.) II 
'-) 
Tab I e I (con t i >1 u e d ) 3 
--
So lve)'ff "7. Yield 
c,CY e-ch e r- I~ 
,;JO 
Hl 
c;/0/ NO 
ether- (,O 
H 
Hf CtiCti.J 
.'/'/ 
e'the r- u .. r-
ether-
etJ,e r- 71 
/110 
.., Tl,er-e IS no evi c:le11ce t"J,11t" t"t.,e Al-nltro:;o grovp ~eiicted. 
Table II 4 
Compo'-mcls for- wJ,,ch Nesmeyanov a>Hc/ Ioffe. 
FolA-nd no Evic/e11ce. of Reilct'"'"~ Wirh 
NCI 
-----:~ 
/'Ia of! 
---
. (lOH 
. . ~o 
'11 
N-OH 
Cl 
Solvevr"t 
ether-
eli/. htdroch/or-Jc. 
a c.i c{ 
ether-
d ilt.•."te aqueoL.C!! 
Sodi'-'Wl h'(cfr-o;t.tc/e 
Table. II (c.ol1to11<led) 
(
-:>-.._1 NO 
'Ni-l N ~ 
CJ 
I 
Ci·C-- NO 
' CJ 
C. H} 
c H;- c- ,..;o 
No:J. 
C~ r:---rJVOH 
~--0 
~Hs-
Sr:.l veY1 t 
ethe,.... 
5a 
in Table II. In cases where two structures are given Nes-
meyanov and Ioffe employed the second structure to explain 
the lack of reaction. They also found that the potassium 
salt of N-nitroso-phenylhydroxylamine reacted with nitrosyl 
chloride to give phenyldiazonium nitrate. 
[
C,Hr N-otillol 
+ CINO- k:o J-
(1) 
The intermediate (I) is suggested by Nesmeyanov and Ioffe, 1 
who state that the reaction lends support to the Bamberger 
supposition that the reaction occurs through the absorption 
of 2 moles of nitric oxide at the double bond of the nitroso 
compound followed by rearrangement. 
It was hoped that ~ study at: the rate of absorption 
of nitric oxide by aromatic nitroso compounds would yield 
further information concerning the mechanism of the Bamberger 
reaction. 
Preliminary experiments indicated that the reaction 
between nitric oxide and p-nitrosodimethylaniline was too 
fast to be measured by a static liquid phase-gas phase 
system. Particularly good phase mixing was required to insure 
that the rate of absorption of gas by the solution would 
depend to a great extent on the rate of the reaction. 
Furthermore, a system capable of recording the pressure of 
the gas accurately during the entire absorption was needed. 
lNesmeyanov, A. N. and Ioffe·, s. T., J. Gen. Chem., (U.s.s.R.), g, 392, (1941) 
Since no commercially available apparatus was considered 
satisfactory for this investigation, the speciallized appa-
ratus described in the experimental section was employed. 
6 
II • EXPERIMENTAL 
(A) Gases, Reagents and Solvents. 
Nitrogen - Airco, oil pumped nitrogen 
Nitric oxide - Matheson, minimum purity 98.?~ 
Bromobenzene - Eastman Kodak white label - fractionated be-
fore use. B. P. 156-157°C. 
p-Nitrosodimethylaniline - Eastman Kodak - recrystallized 
several times from commercial hexane. M. P. 86-87.5°C. 
This compares to a reported value of 87.8°c.1 
1-Nitroso-2-naphthol - Eastman Kodak practical (not further 
purified) 
Nitrosobenzene- Prepared by the method described in 11 0rganic 
Syntheses. 11 2 This involves reduction of nitrobenzene 
with zinc followed by oxidation with sodium dichromate. 
The product on recrystallization from absolute ethanol 
had a melting point of 67-68CC. This compares to a 
value of 64-67°C reported in 11 0rganic Syntheses." 
p-Bromonitrosobenzene - Through the courtesy of Dr. J. 
Phil1P Mason of Boston University. Recrystallized 
from ethanol. M. P. 94-950C. Schors, Kraaijeveld 
l:Matignon et Deligny, c., Compt. rend., J,£2, 1004, 
( 1897) 
2Bachmann, w. E., ed., "Organic Syntheses," ~' 8o, 
(1945) 
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and Havinga1 report a melting point of 94°C. 
(B) Procedure for Obtaining Absorption Curves 
The absorption curves included in this dissertation 
were obtained in the following way: 
1. Nitroso co~pound was weighed into a pyrex bulb. 
2. Solvent was pipetted into the bulb which was then 
cooled, evacuated and sealed. 
3. Solvent was pipetted into a reaction vessel. 
4. The pyrex bulb was fixed in the reaction vessel. 
5. The vessel was sealed, placed in a thermostatted 
bath, equilibrated, evacuated and then filled 
with nitric oxide to the desired pressure. 
6. The pyrex bulb was broken and the reaction vessel 
was shaken. 
7. The pressure above the solution was recorded con-
tinuously throughout the absorption. 
A more complete description of each of these opera-
tions is given in the appropriate section below. 
(C) Preparation of the Sample Bulb. 
The nitroso compound was weighed into a bulb blown 
from seven mm. pyrex tubing. The bulbs had internal volumes 
1schors, A., Kraaijeveld, A., and Havinga, E., Rec. 
trav. chim., ~' 1243, (1955), (in English); cf C. A. 2Q, 
7766g 
8 
of from seven to eight ml. The desired volume of solvent 
was pipetted into the bulb and the bulb was immersed up to 
its neck in a "Dry Ice"-trichloroethylene bath. The bulb 
was evacuated and the neck was sealed with a fine gas-oxygen 
flame. 
Before being employed in an absorption run the sealed 
bulb was placed in the thermostatted bath at the temperature 
of the run for thirty minutes. The bulb was used only.if no 
separation of solid occurred. 
(D) Apparatus. 
The apparatus which was designed by N. N. Lichtin 
and G. R. Thomas and first assembled by G. R. Thomas con-
sists of the following major parts: 
1. A reaction vessel 
2. A gas transfer system 
3. A shaker 
4. A thermostatted bath 
). A recording system 
The operation of each of these parts is described below. 
(1) The Reaction Vessel (see Figure I) 
The reaction vessel which has been described by 
Lichtin and Thomas1 was made up of three parts. 
lLichtin_, N. N. and Thomas, G. R., J. Am. Chem. Soc., 
.zQ, 3021, (19)4} 
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1. A hollowed out aluminum c'ylinder (A) closed at 
one end and having an internal volume of about 
340 ml. 
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2, A pressure plate (B) fitted with a system for 
holding a glass bulb and a system by which the 
glass bulb could be broken from above the pres-
sure plate. 
3. A partial cover (C) which when screwed onto the 
cylinder held the pressure plate tightly against 
a neoprene 11 0-ring" (D) which separated the 
cylinder from the pressure plate, The reaction 
vessel was sealed by tightening several screws 
along the upper perimeter of the cover. This 
forced the pressure plate against the 11 0-ring." 
The following description of a typical run demon-
strates the use of the reaation vessel. 
1. The desired volume of solvent was pipetted into 
the aluminum cylinder (A). 
2. A sealed pyrex bulb containing a solution of 
nitroso compound was fixed to the lower portion 
of the pressure plate by means of aluminum hol-
ders (E). These holders were, in turn, fixed 
in position with aluminum nuts (F). Actually 
there are eight such nuts. Four cannot be seen 
in Figure I since they are hidden by the aluminum 
11 
holders (E). These nuts can be moved along the 
threaded aluminum rods (G). 
3. A neoprene 11 0-ring" (D) was placed in a groove 
(not shown in Figure I) in the top of the alumi-
num vessel (A). 
4. The pressure plate (B) was placed on the 11 0-ring11 
in such a way that the pyrex bulb was inside the 
reaction vessel. 
5. The cover was screwed tightly onto the cylinder 
and the screws along the perimeter of the cover 
were tightened in such a way that pressure on the 
11 0-ring" was uniform. 
6. The assembled reaction vessel was attached to the 
gas transfer system (Figure II) by means of a 
brass fitting (H), in the pressure plate. This 
fitting allowed gas to pass from the gas transfer 
system to the reaction vessel. 
7. The reaction vessel was attached to the part of 
the shaker system (Figure III) which was in the 
thermostatted bath. This was accomplished by 
placing the keys (I) in holes (E, Figure III) in 
the shaker system. 
8. The reaction system was kept in the bath for at 
least one hour to insure temperature equilibrium. 
9. The reaction vessel was evacuated and filled with 
12 
nitrogen. This operation was repeated four times 
to insure that no significant concentration of 
oxygen was present. 
10. The system was evacuated and nitric oxide was 
added to the desired pressure. 
11. The system was shaken to insure that the nitric 
oxide in solution was in equilibrium with nitric 
oxide in the gas. Shaking was continued until 
no change in pressure in the small manometer 
(A, Figure II) was noted for a ten minute period. 
12. The recording system (Figure IV) was started. 
13. A washer (not shown) Which held the plunger (J) 
in place was removed. This washer fitted into a 
notch in the plunger and did not allow it to be 
moved relative to the pressure plate. 
14. The plunger (J) was depressed. This caused the 
copper bellows (K) to compress forcing the 
pointed aluminum rod (L) to press into and break 
the pyrex bulb in the reaction vessel. 
15. The plunger (J) was pulled back to its original 
position and once more locked in place With the 
washer. 
16. The shaking system (Figure III) was started as 
soon as possible. 
17. The recording system (Figure IV) was stopped 
13 
when its drum had made a complete revolution. If 
absorption of gas was not complete at this time 
the height of the mercury in one arm of the small 
manometer (A) was measured visually at various 
intervals until absorption was complete. 
18. The photographic paper in the recording system 
was developed giving a pressure versus time curve 
for the absorption. 
(2) The Gas Transfer System (Figure II) 
The gas transfer system was employed to regulate the 
gas content of the reaction vessel. A. reaction vessel (Fig-
ure I) was attached through 1/16 inch i. d. neoprene tubing 
to valve (I) and another reaction vessel was similarly at-
tached to valve (D). The tubing which was about a foot long 
permitted the reaction vessels to be immersed in the thermo-
statted bath and attached to the shaking system (Figure III). 
The gas transfer system was employed as follows: 
1. All valves were opened and the system was evacu-
ated with a vacuum pump attached to valve (G). 
2. Valve (G) and the valve to the nitric oxide 
tank, valve (E), were closed and the system was 
filled with nitrogen through valve (F). 
3. Steps one and two were repeated four times to 
eliminate the oxygen originally present in the 
system. 
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4. Valve (F) was closed and nitric oxide was intro-
duced into the system through valve (E) to the 
desired pressure as measured by manometer (H). 
5. Valves (E) and (J) were closed. 
6. Valves (B) and (C) were closed dividing the ap-
paratus into two separate gas chambers. The 
capillary manometer (A) measured the difference 
between the pressures of the two chambers. 
7. In a run one of the reaction vessels was em-
ployed as a reaction system and the other as a 
constant volume and pressure system. The rate 
of change of the height of mercury in one arm of 
the capillary manometer (A) is one half the rate 
.of change of pressure in the reaction vessel. 
8. After completion of the·reaction all valves were 
opened and the system was evacuated through valve 
- . (G) with a WRter aspirator. 
(3) The Shaking System (Figure III). 
The shaking system was powered by an electric motor 
(A) which was attached through a leverage system (B) to a 
steel bar (C) in the thermostatted bath. The amplitude of 
the shaking of the bar could be regulated by moving a lever 
(D) on the leverage system. This lever had a pointer which 
ran over a scale arbitrarily divided into ten positions. 
Number 10 gave the greatest shaking amplitude. Number 1 
A 
ri8ure ill 
The Sha~ing System. 
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gave the minimum shaking amplitude. It was found during this 
work that the frequency of shaking depended on the line vol-
tag e. 
Each side of the steel bar had a pair of keyed holes 
(E) into which the keys (I, Figure I) of the reaction vessel 
fit. The reaction vessel was attached to the shaking system 
by placing the keys of the vessel into the keyed holes (E) 
and pressing the vessel down forcing the smaller diameter 
portions of the keys into the grooves on the bottom of the 
keyed holes. When thus attached the entire reaction vessel 
except for the plunger (J, Figure I) was immersed in the 
thermostatted bath. Unless otherwise specified, runs were 
carried out at a shaking rate of 10. 
(4) The Thermostatted Bath. 
The thermostatted bath was a cylindrical chamber 31 
inches in diameter and 20 inches deep filled With "Deobase. 11 
The bath had both refrigeration and heating systems. A 
thermoregulator controlled the temperature of the bath at 
any temperature between -30 and 37° c. with a precision of 
o.olo c. 
(7) The Recording System (Figures IVA and IVB) 
The quoted portion of the following description and 
Figure IV were taken directly from a paper by Thomas and 
Lichtin.l 
This unit consists essentially of a drum (L) Which 
is rotated by a synchronous motor (M) so that the photo-
graphic paper (D) taped to it nearly grazes the mano-
lThomas, G. R., and Lichtin, N.N., Review of Scienti-
fic Instruments, ~' 661, (1973). 
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meter tube (A). The drum is housed in an outer casing 
(N) which keeps out all undesired light. The unit is so 
constructed that the drum and housing can be removed 
and transported to the dark room without difficulty. 
The grade 3 enlarging photographic paper used in this 
recorder can be purchased in rolls, 200 ft x 9 3/8 in., 
from war surplus stocks at a very moderate cost. 
The drum housing (N) is a cylinder, 6 1/4 in. in dia-
meter and 13 1/4 in. high. In the base plate (0), which 
is soldered to the bottom of the cylinder, there is a 
hole which permits the driving post (P) to enter. In 
the wall of the drum housing there is a slot to which 
are attached two shields (Q) which engage the capillary 
tubing and a dowel (R). The lid (S) is grooved to engage 
the cylinder and is equipped with a carrying handle and 
a pin for centering the drum. The drum is a cylinder 12 
in. high and 6 in. in diameter to the ends of which are 
soldered plates which support a hollow center tube, (T). 
This center tube contains a crossbar (U) which engages a 
notch in the driving post and a bearing which engages 
the centering pin in the lid. The driving post is con-
nected through the gear train (V) which consists of two 
gear nests connected by an idler gear, to the synchronous 
motor (M). The mount for the synchronous motor is adap-
ted to accomodate one of two motors, one With a speed of 
one revolution per fifteen minutes and the other With a 
speed of one revolution per day. The gear train with 
the former motor gives speeds of one revolution per 
three and three-quarters, seven and one-half, fifteen, 
twenty-two and one-half, and thirty minutes. . 
The manometer (A) is constructed from a glass capillary 
tube, i.d.-1.2mm,and o.d.-8 mm, bent in the form of a 
"U." One arm of the manometer is interposed in the opti-
cal path, and the other is available for direct observa-
tion. In order to keep stray light from striking the 
photographic paper, the photographed arm of the manometer 
tube is housed in a snugly fitting sleeve of rolled tubing 
(E) into which there are two slits, 25 em x 1 mm, milled 
180° apart. The length of the slits was derived from 
consideration of the available materials for the light 
source and the recording unit. 
The movement of the manometric liquid may lag behind 
the reaction rate. With clean mercury we have not been 
able to detect any such lag or sticking. Vihen a pressure 
differential is imposed instantaneously, the developed 
graph is a straight line with a slope· of 90° to the time 
axis, regardless of whether the differential is 5 or 
100 mm. With mercury which has become somewhat oxidixed, 
a sticking action is noted. This ordinarily results in 
a graph which is not smooth. Within limits this lag can 
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be avoided by attaching an ordinary 6-volt door buzzer to 
the manometer tube. 
A fifteen-watt fluorescent lamp (C) 10 in. in length, 
mounted vertically in a sheet metal box (F) serves as the 
light source. When light from this lamp is used directly, 
the shadow of the mercury column on the photographic pa-
per (D) is indistinct. If the light is broken up into 
small bundles of essentially parallel light by a louver 
system (G), a sharp image of the top of the manometric 
liquid is formed on the photographic paper. 
The louver system is conveniently constructed as 
shown in Figs. 1 and 2. Into the light source housing 
(F) is fitted a rectangular retaining frame (H) 2 1/2 
in. x 2 in. x 12 in., which is open on the sides measur-
ing 2 1/2 in. x 12 in. Into the bottom of this frame is 
fitted a block of wood (I) which fixes the angle of the 
louver at 30° to the horjzontal with the upper edge to-
ward the manometer. The louvers are then made by placing 
alternately into the retaining frame spacers (J) (two 
pieces of cardboard, 1 in. x 1 1/2 in. x 1/32 in., laid 
next to either wall of the retaining frame) and sheets 
of black paper, K, 1 in. x 2 1/2 in., such as that which 
may be found in photographic paper wrappings. A block 
in the top of the frame keeps the louver system firm 
and maintains the initial angle. 
The photographic recordings were developed by normal 
photographic techniques. Figures v, VI and VII are copies 
of typical recordings. The double curve in Figure V was 
caused by a layer of butyl phthalate which protected the 
mercury in the manometer. 
(6) Variations in the Apparatus. 
The above sections give a general description of the 
apparatus. Actually the gas transfer system and the reaction 
vessel were changed during the program. The variations which 
concern the absorption runs referred to in this dissertation 
are described below: 
A. The gas transfer system was made of 1/16 inch 
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i.d. aluminum tubing and all valves were metallic with neo-
prene seats. An aluminum reaction vessel (Figure I) pre-
pared for reaction was attached to valve (I, Figure II). 
Another similarly prepared vessel was attached to valve 
(D, Figure II). Each of these vessels was employed as the 
constant volume chamber during the reaction in the other 
vessel. The reaction in the second vessel was not begun 
until the reaction in the first vessel was definitely com-
plete. 
Apparatus A-1. The gas transfer system had five valves in 
place of valve (D) and five valves in place of. valve (I);. 
Thus a total of ten consecutive absorption runs could have 
been performed without re-equilibrating the system. No more 
than two of these valves, one on each side of the capillary 
manometer (A), were ever used. This system had no large 
manometer. A mechanical pressure gauge on the same side of 
the system as valve (D) was employed to measure the pressure 
in the system. There was a trap in the tubing leading to 
each arm' of the capillary manometer. In the event of a sud-
den change in pressure on either side of the manometer the 
mercury in the manometer was caught in one of these traps. 
Apparatus A-2. The gas transfer system was that described 
in paragraph (A) and pictured in Figure II except for 
' 
a trap in the tubing leading to each side of the capillary 
manometer. 
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Apparatus A-3. The gas transfer system was that described in 
paragraph (A) and pictured in Figure II. 
Apparatus B. The gas transfer system was that described in 
paragraph (A-3). The reaction vessel (Figure VIII) was made 
of pyrex. It was prepared from 34/351r pyrex joints and was 
employed as follows: 
1. A sealed bulb (A) containing a solution of nitroso 
compound was placed in the reaction tube (B). 
2. The desired quantity of solvent (C) was pipetted 
into the reaction tube and pyrex top (D) whose 
joint was sparsely covered with stopcock grease 
was placed on the reaction tube. 
3. Springs (E) were fixed to the vessel to insure 
that the top did not separate during the run. 
4. The reaction vessel was attached to the shaking 
bar by means of wire wrapped around vessel (B) 
and top (D) and passed through the keyed holes 
(E, Figure III) in the shaking bar. 
5. A 1/16 inch i.d. neoprene tube was attached to 
pyrex tubing (F) and to a valve (I, Figure II) 
of the gas transfer system. 
6. An aluminum reaction vessel (Figure I) was at-
tached to a valve (D, Figure II) of the gas trans-
fer system. This vessel contained neither solvent 
nor bulb and was used as a constant volume cham-
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ber. 
7. After the reaction vessels had temperature equili-
brated with the thermostatted bath, gas was intro-
8. 
duced into the system by the method described ear-
lier. All gas which entered the pyrex reaction 
vessel passed through the loosely packed pyrex 
filter (G). 
The pyrex bulb (A) containing the solution of 
nitroso compound was broken by loosening screw 
clamp (H) and pressing pyrex rod (I) This com-
pressed the gum rubber sleeve (J). 
9. After the bulb had been broken the pyrex rod was 
pulled back to its original position and the 
screw clamp was tightened. 
Apparatus C. The gas transfer system was prepared from py-
rex tubing having an inside diameter of 0.30 em. and from 
vacuum stopcocks. It is the same as that pictured in Figure 
II with the following exceptions: 
1. There was no valve (C). Instead the reaction 
side of the system ended at valve (E). 
2. There was no valve (D). The tubing from that 
side of the manometer (A) connected directly to 
a pyrex bulb immersed in the thermostatted bath. 
This bulb had a volume of about 340 ml. 
3. There was no valve between the manifold where the 
29 
gases were introduced and the large manometer. 
4. There was a vacuum stopcock in the tubing between 
the portion of the system containing the manifold 
and the large manometer (H), and stopcock (I). 
This valve separated the reaction system from the 
manifold during reactions. 
An aluminum reaction vessel was attached to 
stopcock (I) with a length of tygon tubing. 
(7) Preliminary Observations. 
A bromobenzene solution of 1-nitroso-2-naphthol did 
not aqsorb nitric oxide at a measurable rate. The follow-
ing liquids did not absorb nitric oxide at an appreciable 
rate after a small amount of the gas was absorbed. This 
small amount of absorption was attributed to solution of 
nitric oxide in the liquid. 
1. Benzaldehyde 
2. Benzoni trile 
3. Acrylic Acid (with methylene blue) 
4. 1-Naphthylisocyanate 
5. Benzaldehyde in benzene 
6. 1 Naphthylisocyanate in benzene. 
Solid p-nitrosodimethylaniline absorbed nitric oxide 
extremely sloWly. This absorption may have been due to 
traces of moisture in the sample. 
Solutions of nitrosobenzene in the following solvents 
30 
darkened appreciably when allowed to stand overnight in the 
presence of air: 
1. benzene 
2. ligroin 
3. carbon tetrachloride 
4. nitrobenzene 
Solutions of nitrosobenzene in acetic acid showed no visu-
ally discernable change in color after standing in air over 
a period of two weeks. 
31 
I II. TREATMENr OF P.BSORPTI ON CURVE3 
The rate of reaction of nitric oxide with the nitroso 
compound could be readily obtained from the absorption curve 
if the absorption of nitric oxide by the solution was very 
fast compared to the rate of reaction. In this case, the 
cone entration of nitric oxide in the solution would be pro-
portional to the pressure of the nitric oxide above the solu-
tion and 
K 
dpNO d(NO) 
-~= dt dt 
for (NO) = K~o 
where pNO is the pressure of nitric oxide in the gas, k 0 is 
the rate constant and K is Henry's constant for nitric oxide. 
K could be determined by measuring the concentration of nitric 
oxide in solution in equilibrium with any known pressure of 
nitric oxide gas. The order of reaction with respect to 
nitroso compound m, could be determined from runs in which 
a large excess of nitric oxide was present. The order of the 
reaction with nitric oxide concentration n, could be deter-
mined from runs in which a large excess of nitroso compound 
was present. 
Run IB was carried out in Apparatus A-1 at a shaking 
amplitude of 3. Before the bulb was broken, a recording was 
taken of the rate of absorption of nitric oxide by the sol-
32 
vent, brornobenzene, The solution was found to reach satura-
tion in 15cO seconds, The actual reaction was practically 
complete in 72.0 seconds. Because the saturation of the solu-
tion by nitric oxide was substantially faster than the absorp-
tion of nitric oxide by the reaction at this relatively slow 
shaking rate, it was assumed that at a shaking amplitude of 
10 the rate of solution of the gas by bromobenzene would be 
so fast that the equilibrium concentration ot nitric oxide 
would be present in the solution at all times during the 
reaction. The assumption was later found to be false, 
On the basis of the above assumption many absorption 
runs were carried out in Apparatus A-2. The limiting re-
agent was the nitroso compound. Pressures of 1200, 1000, 
Boo, 600 and 400 mm. of mercury of nitric oxide were em-
ployed. The initial concentration of nitroso compound was 
the same in each case. The concentration of nitroso com-
pound was calculated assuming that, at all times during the 
reaction, one mole of nitroso compound had reacted for each 
two moles of nitric oxide reacted. The stoichiometry of 
the reaction will later be shown to be two molecules of 
nitric oxide per molecule of nitroso compound (see pages 
74 and 86). In all of these runs only a small percentage-
wise change in pressure of nitric oxide occurred. The con-
centration of nitric oxide in the solution was therefore 
assumed to be constant. The term (KpN0)n in equation (I) 
is a constant, k, and the equation may be written: 
or 
K 
dpNO d(NO) 
dt dt 
d(ARNO) 
: -kok (ARNO)m ; 2 
dt 
d(ARNO) 
dt 
d(ARNO) 
- m 
... -k1 ( ARNO) where k 1 = ana 
= -k dt (RNO)m l 
33 
(II) 
Various values of m were tried 1n an effort to determine 
which would give the most nearly constant value for k1• A 
value of 1 for m yielded values of k1 which changed consider-
ably 'IO'i.itli1n· fflich·run<aJ~ shown 1n T&Ues III and IV. A value 
of l/2 for m yielded values of k which were quite close to 
constant Within individual runs (see Tables V and VI). The 
values of k1 for the half order assumption varied greatly 
between runs in which the starting conditions were believed 
to be identical. 
The equation from which the values of k1 for m = 1/2 
were calculated was derived as follows: 
d(ARNO) 
(IIA) 
Integrating between the limits of t1 and t2 yields 
1/2 l/2 -2 ( (ARN0)2 -(ARNO)l - -k1 (t2 -t1) 
2 ( (ARN02112 -(ARNOti~ or 
(III) 
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TABLE III 
Calculation of the Rate Constant of Run AFIV assuming m = 1 (Temperature = 3.2° C.) 
PNO initial • 600 mm. PNO final = 402 mm. 
Concentration Time C/C 0 log. C/C 0 k 
p~Nitrosodimethyl-
aniline 
moles/11 ter seconds second_--l 
.o65o 0 1.0 0 
.0585 7.44 0.90 -.045 1.39 X 10-2 
.0520 15.35 o.Bo -.097 1.45 It 
.0466 24.20 0.70 -.155 1.47 II 
.0390 33.00 o.6o -.222 1.59 II 
.0325 42.80 0.50 -.301 1.62 It 
.0260 55.40 0.40 -.390 1.6? n 
.0195 67.90 0.30 -.525 1.77 It 
.0130 84.6o 0.20 -.699 1.90 It 
.0065 107.00 0.10 -1.00 2.15 It 
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TABLE IV 
Calculation of the Rate Constant for Run AI1 assuming m = 1 (Temperature= 3.2o C.) 
PNo initial = 6oo mm. PNO final : 406 mm. 
Concentration Time C/C 0 log C/C 0 k 
p-Ni trosodi-
methylaniline 
moles/liter seconds second·-1 
.0622 0 1.0 0 
.05598 4.65 0.90 -.olf.5 2.22 X 10-2 
.04976 10.0 o.8o -.097 2.23 " 
.04354 15.5 o. 70 -.155 2.36 II 
.03732 21.4 o.6o -.222 2.38 " 
.03110 27.9 0.50 -.301 2.48 II 
.02488 36.3 0.40 -.390 2.47 II 
.01866 46.5 0.30 -.525 2.60 II 
.01244 56.8 0.20 -.699 2.83 II 
.00622 73.5 0.10 -1.00 3.13 II 
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TABLE V 
Calculation of the Rate Constant for Run AFIV assuming m = (Temperature = 3.2° C.) 
1/2 
PNOo = 600 mm. PNOf : 402 mm. 
Concentration Time (ARN0) 112 (ARNO) 21/2_ (ARNO) 1/2 k 
p-Nitrosodi-
methylaniline 
moles/liter seconds moles112; mole sf:~~/ 1/2 11ter112 mo1es112; liter liter 
second 
o.o65o 0 0.2540 o.oo 
0.0585 7.44 0.2415 -0.0125 3.36 x lo-3 
0.0520 15.35 0.2276 -0.0264 3.44 " 
0.0455' 24.20 0.2128 -0.0412 3.40 " 
0.0390 33.00 0.1970 -0.0570 3.46 II 
0.0325 42.80 0.1800 -0.0740 3.44 " 
o.o26o 55.40 0.1610 -0.9030 3.6o II 
0.0195 67.90 0.1393 -0.147 3.38 II 
0.0130 84.60 0.1138 -0.1402 3.32 " 
0.0065 107.00 0.0804 -0.1736 3.24 II 
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TABLE VI 
Calculation of the Rate Constant for Run AI1 (Temperature = 3,20 C.) assuming m : 1/2 
PNO initial • 600 mm. PNo final, = 406 mm. 
Concentration TiJle (ARN0) 1/ 2 (ARN0) 2
112
- (ARN0) 1/ 2 k 
p-Ni trcsodi-
methylaniline 
moles/liter seconds mo1es112; molesl/2; l/2 11ter112 11ter112 moles112 ; liter 
second 
.0622 0 .2494 0 
.05598 4.65 .2366 .0128 5'.50 X 10-3 
.04976 10.0 ,2230 .0263 5.26 II 
.0435'4 15.1 ,2087 .0407 5.38 II 
.03732 21.4 .1931 .0563 
'· 26 
II 
.03110 27.9 .1764 .0730 5.24 II 
.02488 36.3 .1578 .0916 5.04 II 
.01866 46.5' .1366 .1128 4.86 II 
.01244 56.8 .1116 .1378 4.84 II 
.00622 73.5 .0789 .1705 4.64 II 
av. 5'.11 n 
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Values or nitroso compound concentration were determined by 
subtracting the traction of absorption which had taken place 
at the time concerned from one and multiplying the traction 
obtained by the initial concentration of nitroso compound. 
The time tor any given concentration of nitroso compound is 
the time from the start of the reaction until that concen-
tration was achieved. These values were substituted in equa-
tion (III) and ~ was calculated. 
Example 
In a certain run the initial concentration of' p-nitro-
sodimethylaniline was 0.0406 mole/liter. The halt-time of 
the reaction was 263 seconds. 
Let t 1 = t 0 = 0 
Then (ARN0) 1 = (ARN0) 0 = 0.0406 mole,/liter 
Letf2 = t 112 = 263 seconds 
Then (ARN0) 2 : l/2(ARN0) 1 = 0.0203 moleo/liter 
Substituting in equation (III) 
-2(0.02031/ 2-0.0406112) 
----:-------- 0.000448 mole112/11ter112 
263 - 0 second 
Table V gives the results of calculation of the value of ~ 
throughout the run AFIV. The calculated values of' ~ are 
quite constant in this run. Another run, Ail, carried out 
under similar conditions gave the values of k1 listed in 
Table VI when subjected to the same calculation. The agree-
ment between the calculated rate constants at various points 
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in this run is not nearly as good as in run AFIV. In gener-
al, the agreement between the calculated half order rate 
constant for a given run was better than that in run A~ 
and worse than that in run AFIV. 
Table VII contains the average half order k1 values 
for each of several runs along with the experimental condi-
tions under which the reaction was performed. In each case 
the reaction vessel contained 25 ml. of bromobenzene and a 
bulb holding five ml. of a solution of p-nitrosodimethyl-
aniline in bromobenzene. Immediately after the bulb was 
broken, the concentration of p-nitrosodimethylaniline was 
0.065 mole' per liter. 
Other runs with different initial concentrations of 
p-nitrosodimethylaniline gave the values of ~ listed in 
Table VIII. In each case the total volume of bromobenzene 
was thirty milliliters. 
Since k1 includes the term (KPNO)n, its value is ex-
pected to increase with increasing pressure. This increase 
is noted in both of the above tables. The large variations 
between rate constants calculated for runs which were be-
lieved to have been carried out under the same conditions 
was considered to indicate the presence of varying propor-
tions of catalyst. The half order dependency on the nitroso 
compound concentration was also considered indicative of 
catalysis. 
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TABLE VII 
Half Order Reaction Constants 'tor Various Runs carried 
3.2° c. 
out at 
Run Initial PNO p k Concentration NO 1 
of p-Nitroso- initial final 
dimethylan111ne 
moles/liter mm. of Hg mm. of Hg molesl/2; 
liter112 
second 
AAI 0~065 804 620 5.o4 x lo-3 
AAIV o.o65 804 608 5.04 n 
ABIV 0.065 1204 1010 9.28 II 
ADIV 0.065 796 596 4.96 n 
AEI 0.065 1200 1016 8.40 II 
AFI 0.065 600 406 3.74 n 
AFIV 0.065 600 402 j;38 II 
AI IV 0.065 600 398 3.48 II 
AII 0.065 600 408 5.12 II 
TABLE VIII 
Half Order Rate Constants for Various Runs carried 
3.0° c. 
out at 
Run Initial p p li: 
concentration ini!~al f'iillf 1 
of p-Nitroso-
dimethylaniline 
moles/liter mm. of Hg mm. of Hg moles112 I 
liter112 
second 
BAIY 0.05"36 600 432 4.48 X 10.;.3 
BAI 0.0536 600 434 4.08 n 
BBIV 0.0536 6oo 444 2.80 II 
BBI 0.0536 6oo 444 3.84 II 
BCIV 0.0536 6oo 436 3. 53 II 
BDI 0.0536 6oo 440 2.96 II 
BEI 0.05'36 600 430 2.96 II 
DDI 0.0399 800 684 6.32 n 
DEIV 0.0399 800 680 7.28 II 
The addition of the following substances to the reac-
tion system ·,wa;a, found not to cause greater variation 1n 
rate constant than 1haa already been noted. 
1. Product of the Bamberger reaction 
2. Traces of water 
3. Traces of sulfuric acid 
4. Traces of acetic acid 
5. Traces of alcoholic potassium hydroxide 
6. Broken glass (This increased the total surface area 
within the reaction bomb) 
In each of the above absorption runs, the reaction 
vessel was made of aluminum. A much smaller glass vessel 
was prepared (Figure VIII). This vessel had a total internal 
volume of 108 ml. as compared to a volume of about 340 ml. 
for the aluminum vessel. The diameter of the glass vessel 
was less than one half the diameter of the aluminum vessel. 
Reactions carried out 1n this vessel were considerably slow-
er than those carried out in the aluminum vessel under the 
same conditions. For example, run "Glass XI" which was car-
ried out in a glass vessel had 9.45 ml. of bromobenzene con-
taining an initial concentration of 0.0406 moles per liter 
of p-nitrosodimethylaniline. The initial pressure of nitric 
oxide was 600 mm. and the temperature of the system was 
3.3° c. The final pressure in the run was 512 mm. The cal-
culated half order value of k1 from this run was 0.000448 
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molel/2/liter112 second. The smallest value of k1 which had 
been obtained from the aluminum vessel under similar condi-
tions was 0.00296 molel/2/literl/2 second. Absorption runs 
were carried out in the glass vessel under various conditions 
of pressure of nitric oXide and temperature. The results 
were not reproducible but in all cases the absorption was 
considerably slower than in similar runs performed in the 
aluminum bomb. These results indicate either that aluminum 
is a catalyst, or that the assumption that the concentration 
of nitric oxide in the solution is always the equilibrium 
concentration is incorrect. The latter is a possibility 
since the rate of solution of the gas depends on the rate 
of shaking of the bomb and the geometry of the bomb. If the 
equilibrium of solution assumption was incorrect, the glass 
bomb Which had a much smaller diameter than the aluminum 
bomb would be expected to give slower absorption rates. 
The folloWing absorption runs were performed in alu-
minum vessels with p-nitrosodimethylaniline. 
TABLE IX 
Variation of Half Time-~ith Shaking Rate at 3.0° C 
Run 
DDI 
DGIV 
DFIV 
RNO 
moles/liter 
0.0398 
0.0398 
0.0398 
PNO 
mm. of Hg 
6oo 
600 
600 
Shaker No. 
10 
10 
9 
t 1/2 
seconds 
25'.1 
26.0 
27.4 
Run 
DII 
DGI 
RNO 
moles/11 ter . 
0.0398 
0.0398 
TABLE IX (CONT' D.) 
PNO Shaker 
mm. of Hg 
600 9 
600 8 
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No, t 1/2 
seconds 
30,2 
32,6 
The above series indicates that the faster the shaking 
rate, the faster the absorption of gas, The variation, how-
ever, is no greater than was noted between runs which were 
believed to be carried out under exactly the same conditions, 
The shaking system was powered by line current through 
a powerstat. Slight changes in voltage were found to cause 
considerable variations in shaking rate. A decrease in vol-
tage from llO to 105 caused• a great enough change in the sha-
king frequency to be noted audibly, The line voltage was 
found to depend on the number of appliances in the same cir-
cuit as the shaking system. It is believed that the lack of 
reproducibility of results is attributable to variations in 
line voltage, 
The calculations which lead to the half order depen-
dency on the nitroso compound concentration were based on a 
constant concentration of nitric oxide in the solution, It 
is demonstrated below that the nitric oxide concentration 
actually increases during the reaction so that the actual 
dependency on the nitroso compound concentration must be 
greater than half order. 
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The dependency of the rate of absorption of nitric 
oXide on the shaking rate was not proven until the apparatus 
was dismantled and the parts employed in other problems. It 
was not possible, therefore, to take the rate of solution of 
the gas into account. An attempt was therefore made to ob-
tain as much information as possible from the measurements 
which had been made. 
(A) Relative Reactivity of Nitroso Compounds. 
Table X gives the half times for a series of runs 
which were carried out at a time when there was very little 
variation of t 1/2 for similar reactions. It was assumed 
that the line voltage and therefore, the shaking rate was 
constant at this time. 
In each case the solvent was 30 ml. of bromobenzene, 
the pressure of nitric oXide above the solution was 600 mm. 
of mercury and the temperature was 3.2° c. Each of the runs 
was carried out in Apparatus A-3. The measured half times 
have no value for the determination of kinetic data but com-
parison of the half times of the Tarious runs does indicate 
the relative reactivity of the nitroso compounds. The data 
indicate that nitrosobenzene reacts slightly faster than p-
bromonitrosobenzene which in turn reacts raster than p-nitro-
satlmethylaniline. 
Table XI gives the reaction conditions for several runs 
norig 'witH the slopes of the absorption curves When absorp-
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tion was 10 mm. of mercury from complete. In each case there 
was a considerable excess of nitric oxide present. For this 
reason there was no nitroso compound present at the end of 
the run and the amount present at the point where the slope 
was taken was practically the same for each run. Concentra-
tion of nitroso compound was therefore practically the same 
at this point for runs employing the same amount of solvent. 
Comparison of runs HBIV and DBIV indicates that there is only 
a slight increase of slope with increasing temperature. Com-
parison of runs HBIV and HOI shows that nitrosobenzene re-
acts with nitric oxide faster than does p-nitrosodimethyl-
aniline. This agrees With the conclusion drawn from Table 
X. The increase in slope of run A over thatin run RI cannot 
be explained by the difference in the temperatures of the 
runs since a r ·s'imi·larr: ,,. difference gave a much smaller 
effect in runs HBIV and DBIV. It cannot be attributed to 
the difference in pressure of nitric oxide since a much lar-
ger difference showed a smaller percentage effect between 
the slopes in runs HBIV and DDI. It is concluded, therefore, 
that the monomer of nitrosomesitylene reacts with nitric 
oxide faster than does p-nitrosodimethylaniline. It is not 
possible to make a definite conclusion concerning the rela-
tive rates of reaction of nitrosomesitylene monomer and ni-
trosobenzene from the slopes of runs A and HOI since the 
volumes of solvent employed in these runs were different. 
TABLE X 
Variation of Half Time with Nitroso Compound at 3.2° c. 
{ARN0) 0 Pressure Run Nitroso Compound t 1/2• Date of ~ARNO) "'"'"' Change Run Pressure 8Eange 
mole/ mm. of seconds moleLl;tter 
liter Hg mm. of Hg 
.0419 106 HAI•* p-nitrosodimethylaniline 31.8 1/28/1953 3.96 x lo-5 
.0376 92 HAIV** " II II 30.9 II II 4.09 X 10-5 
.0383 113 HBI II " 
II 35.6 It II 3.39 x lo-5 
.0382 118 HBIV " II II 30.4 II II 3.22 X 10-5 
.0384 119 HCI p-nitrosobromobenzene 19.7 II II 3.22 x lo-5 
.0404 129 HCIV " " " 19.2 " " 3.13 X 10-5 
.0423 132 HDI ni tresobenzene 16.4 1/30/1953 3.21 X 10-5 
.0405 130 HDIV " II 17.3 II II 3.12 x lo-5 
.0382 115 HEI p-nitrosodimethylaniline 32.8 2/2/1953 3.32 X L0-5 
•This is the -half time for the final 80 mm. change in pressure of nitric oxide. 
For this reason, the nitroso compound concentration range over which the half time 
was measured was the same in each case. 
••A pressure of oxygen equivalent to 9 mm. of oxygen was purposely left in the 
gas during these runs. This must have caused the formation of 18 mm. of N02 in the 
gas phase. Some of this gas must have dissolved in the 25 ml. of bromobenzene pre-
sent in each reaction vessel before the breaking of the bulb containing nitroso com-
pound. 
•••The variation between these values except for the first two may be explained 
+:'" 
-.J 
TABLE X (CONT~ D.) 
by slight differences in the ~olumes of the reaction vessels. The first two values 
may be explained by a combination of one molecule of N02 with a molecule of nitroso 
compound in either complex formation or reaction. Correction for such combination, 
which must occur in preference to the Bamberger reaction, gives (ARNO)ofpressure 
change values of 3.38 x 10_, for run HAI and 3.42 x 10_, for run HAIV. This correc-
tion assumes that no N02 is present in the solvent before the breaking of the bulbs. Further correction for N02 initially in solution would give somewhat lower values for (ARN0) 0 /pressure change. 
.po-
co 
TABLE XI 
Slopes ef Absorption Curves of several Runs at the Point where Absorption of Gas Was 
Ten mm. of Mercury from Complete 
Run Appa- ARNO Weight PNOo PNO Temper- Volume Slope ratus ature of Sol-
vent 
moles mm.of Where oc. ml. mm. of Hg/ 
Hg slope second 
was 
taken 
HBIV A-3 p-Nitrosodimethylaniline 0.00115' 6oo 492 3.2 30 0.43 
DBIV A-2 II II II 0.00120 600 480 25'.3 30 0.47 
RI AI II II II 0.00045' 600 ?22 26.4 5'5' o. 5'0 
DDI A-2 II II II 0.00120 Boo 694 3.0 30 0.71 
HDI A-3 nitrosobenzene 0.00126 6oo 478 3.2 30 1.00 
A A-2 nitrosomesitylene 0.00019* 600 5'88 6.1 5'5' 1.32** 
*As will be-~demonstrated--in Part Ill of this-Ciissertation, in solution -nitroso-
mesitylene is an equilibrium mixture of monomer and dimer. The monomer is the reac-
tant in the Bamberger reaction. At the temperature of this run the dimer dissociates 
to give monomer very much slower than the monomer reacts with nitric oxide. For 
this reason the point on the absorption curve where all monomer initially present has 
reacted can be determined fairly accurately. The number of moles of monomer initial-
ly present was calculated by multiplying the total number of moles of nitrosomesity-
lene initially present by the ratio of the change in pressure required to react with 
the monomer initially present to the change in pressure for complete reaction. 
**This is the slope of the absorption curve at the point 10 mm. above the com-
plete reaction of the monomer initially present. 
+:-
..0 
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(B) Method of Obtaining Kinetic Data from Runs in Which the 
Rate of Solution is Known. 
The equation for the rate of solution of a gas in a liq-
uid was determined as follows: 
The rate of absorption of a gas by a liquid was assumed 
to be 
(NO) gas (NO) solution 
The rate of loss of the gas by the liquid was assumed 
to be 
(NO) solution ___}I:B- (NO) gas 
The measured rate of absorption of a gas by a liquid is 
the difference between the rates of these two processes or 
or 
d(NO) gas = kA (NO) gas -~ (NO) solution 
dt 
at saturation 
-d(NO)gas 
dt 
0 kA(NO)gas - ~(NO) solution 
( kA(NO)gas = ~(NO)solution) at saturation 
Since kA(NO)gas is independent of (NO) solution 
kA(NO)gas = ~(NO)saturated regardless of the 
actual concentration of nitric oxide in the solution and 
or 
-d(NO)gas =- kB~NO) sat. -kB(NO)solution 
dt 
-d(NO) gas - kB ((NO) sat. - (NO) solution) dt (IV) 
but the concentration of nitric oxide in the gas is propor-
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tiona! to the pressure or nitric oxide. 
(NO) gas : k pNO 
c 
and 
d(NO) gas = kc~ 
dt dt 
substituting in equation (IV) 
-ke dpNO = ~ ((NO) • \saturated - (NO) solution) 
dt 
let k:Bikc = ks 
and 
-~ = kB ((NO) saturated- (NO)solution)=~((NO)saturated 
dt xc 
-(NO) solution) 
Moelwyn-Hughes1 gives a similar equation for the rate of 
dissolution of a solid: 
(V) 
Rate of dissolution= ~({N)sat - (N)actual) X Area or 
contact 
where(N)is the concentration of the solution. 
The constant, kB' in equation V depends on the proper-
ties of the gas and solvent and on the area between them. 
kB is obviously a linear function of the area of contact. 
The constant, kc,is a factor which converts from,concentra-
tion to pressure and may be calculated from equation (VI) 
when the pressure is in atmospheres. 
lMoelwyn-Hughes, E. A., "The Kinetics of Reactions in 
Solution," Claredon Press, Oxford, (1933), p. 298. 
if V is in liters 
Sit kc • 1 
RT 
(moles/liter): f 
RT 
moles/liter : 1 
RT p 
if P is in atmospheres R 
and kc =.o~2T 
= ,082 liter atm./mole °C, 
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(VI) 
Given a constant shaking rate, the value of kB and 
the ' :tsaturated concentration of a dissolved gas, one may 
calculate the concentration of the gas in a solution at any 
time from the slope of the P~e vs, time curve, If the sa-
turated concentration of gas in a liquid is known at any 
pressure, ther saturated concentration under any other pres-
sure at the same temperature can be calculated from Henry's 
law, If one takes into account the variation of the satur-
ated concentration of gas with varying pressure and one 
knows the value of ks for the system, one can calculate the 
nitric oxide concentration in the solution at any point from 
the slope of the absorption curve at that point. This is 
true even if the dissolved gas is reacting in the solution. 
The amount of nitric oxide reacted at any time may then be 
calculated by subtracting the amount of gas in the solution 
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from the total amount of gas absorbed by the solution. The 
slope of a curve of the amount of gas reacted versus time 
at any time during the reaction is the rate of the reaction 
with respect to the gaseous reactant. From the knowledge 
of this rate and the concentration of the reactants one may 
calculate rate constants. 
The above technique was employed in the calculations 
of kinetic data from absorption runs LAVI and IB. These 
are the only runs for which a rate of solution curve was 
taken just before the reaction. The fact that the kg values 
calculated at various points in each rate of solution curve 
are constant within experimental error indicates that equa-
tion (V) is at least approximately correct for solution of 
nitric oxide in bromobenzene. It is probably true for the 
solution of any gas in any solvent where there is no chemi-
cal reaction between the solvent and the gas. The experi-
mental descriptions and calculations of runs LAVI and IB 
are given together for the convenience of the reader. 
The constant ~ in equation (V) may be written as 
ko!· The constant ~ depends on the properties of the gas 
and solvent while A, the effective area of contact between 
liquid and gas depends on the properties of the apparatus 
being employed. ~f an absorption curve is taken without 
shaking and the data are employed in equation (V) one may 
calculate the value of kB for the system being studied. 
In such a case the Area of contact of the liquid and gas 
phase may be easily determined. The value of ko may be 
determined by dividing kB by the known value of A. This 
value of kD is independent of the characteristics of the 
apparatus. 
One may calculate the equivalent area of contact 
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of gas and liquid in any apparatus by dividing the kB' de-
termined for the same absorption in that apparatus, by the 
value of kn determined above. This value of the equivalent 
area of contact is good for any su_ch system in which the 
liquid has a similar viscosity and density to that used in 
the determination of the equivalent area of contact. 
The above technique can probably be adapted for de-
termining kinetics from any reaction in which the equilibrium 
concentration of one of the reactants is not present in the 
reaction phase. 
(C) Calculations from Run LAVI. 
Into a pyrex bulb, blown from seven millimeter pyrex 
tubing was weighed 0.1224 gram (0.000816 mole) of p.-nitroso-
dimethylaniline. Five milliliters of freshly distilled 
bromobenzene was pipetted into the bulb which was then 
cooled to -40o c., evacuated and sealed. The total inter-
nal volume of the bulb was approximately seven milliliters. 
The bulb was placed in a -17° c. bath for four hours. No 
solid separated from the solution. 
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Twenty•five milliliters offreshly distilled bromo-
benzene was pipetted into a reaction vessel. The bulb was 
fixed in the vessel in such a position that it could be bro-
ken from outside the bomb. The bomb was fixed to the gas 
transfer system (Apparatus C), attached to the shaking sys-
tem and allowed to equilibrate for one hour. The system 
was evacuated to a pressure of lO mm. of mercury and then 
filled with dry nitrogen to a pressure of 760 mm. of mer-
cury. This procedure was repeated six times in order to in-
sure the absence of oxygen. The system was evacuated to a 
pressure of 160 mm. of mercury and nitric oxide was added to 
a total pressure of 760 mm. of mercury. Thus the pressure 
of nitric oXide in the system was 600 mm. of mercury. 
(1) Solution of the Gas. 
The recording system, which was set to make a com-
plete revolution in 15 minutes, had been started before the 
nitric oXide had been added. The nitric oxide had been 
added as quickly as possible (five to ten seconds) and the 
valve joining the reaction system to the constant volume 
system was closed immediately. Shaking at rate No. 10 start-
ed within two seconds. The recording system was stopped 
after three minutes for absorption ef gas by the bromoben-
zene had ceased. Shaking was continued for ten minutes. 
(2) The Reaction. 
The recorder was started once more. The bulb was 
broken and the plunger fixed in place. Shaking was started 
at rate No. 10. The recording was stopped after ten minutes. 
At this time, there was no noticeable absorption. The light-
sensitive paper in the recorder was developed, washed, fixed 
and dried. 
(3) Obtaining Data from the Recording. 
The recording was taped to a drawing board in such 
a manner that the striations left by the light directing 
system were parallel to a T-square. A piece of transpar-
ent, 11 10 millimeters to the centimeter" grjiph paper was 
taped over the recording in such a way that the horizontal 
lines on the paper were parallel to the T-square. The 
amount of nitric oxide absorbed, the time since the start 
of reaction or the rate of change of absorption with time 
could then be determined for any point on the curve. The 
latter was determined by placing a transparent straight 
edge tangent to curve at the point concerned and dividing 
the number of mm. graph lines crossed vertically by the 
number crossed horizontally. Each slope listed in this 
dissertation is an average of three such readings. 
(4) Solubility of Nitric Oxide in Bromobenzene. 
Study of the solubility curve reveals that the nitric 
oxide absorbed is equivalent to 6.8 mm. of graph. Since 
this is a measure of the change in only one arm of the 
mercury manometer, the actual amount of nitric oXide ab-
sorbed is equivalent to 2 x 6.8 or 13.6 mm. of mercury. 
The total volume of the reaction bomb including the 
bellows had been determined by weighing the water it held'. 
The internal volume was found to be 350 ml. The portion of 
the gas transfer system which was not disconnected from the 
bomb by means of stopcocks was 180 em. of pyrex tubing 
having an internal diameter of 0.30 em. The volume of this 
portion of the system was: 
v • d 2 h Tf-4 
-
-
= 12.7? = 13 ml. 
The total volume of the system was, therefore, 3?0 + 13 or 
363 ml. The volume of solvent in the bomb was 2? ml. and 
the total volume of the unbroken bulb containing the solu-
tion of nitroso compound was approximately 7 ml. The 
volume of gas in the system was, therefore, 363-2?-7 or 
331 ml. 
Since we know 2? ml. of bromobenzene absorbs an 
amount of nitric oxide equivalent to a change in pressure 
of 13.6 mm. of mercury in a volume of 331 ml. of gas, we 
may determine the solubility of nitric oxide in bromoben-
zene at 2$8° lC. 
The pressure of nitric oXide above the solution, 
when the solvent was saturated, was 600-13.6 or ?86.4 mm. 
of mercury. The .number of moles of nitric oxide absorbed 
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by 25 ml. of solvent is: 
N • 
= 
0.00028 moles 
The solubility is therefore: 
solubility of nitric oxide in bromobenzene ~(N~)~l~0~0~0~-25 
.01120 moles/liter at a pressure of nitric oxide of 586.4 
mm. of mercury and a temperature of -15o c. 
(4) Rate of Solution of Nitric Oxide in Bromobenzene at a 
Temperature of -15° c. 
The solution of nitric oxide in bromobenzene is 
assumed to follow the equation: 
dpNO : ks ( (NO)sat. -(NO) ) 
dt 
(V) 
dpNO is the slope of the absorption curve. (NO) sat. was 
dt just calculated and (NO) may be determined from the total 
nitric oxide absorbed at any point. Table XII shows the 
calculation of ks• 
Column A gives the total nitric oxide absorbed in 
mm. of graph Which is equivalent to 2 mm. of mercury. Col-
umn B gives the slope of the curve at the point listed in 
column A. This slope is in mm. of graph (pressure) vs. mm. 
of graph (time). In column c, the values in column B have 
been multiplied by 2.0 to convert from mm. of graph to mm, 
of mercury and divided by 1.890 to convert from mm. of 
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graph (time) to seconds. The factor 1.89 seconds per mm. 
of graph is obtained by dividingbj'C:900c~seao11cls,the time re-
quired for a complete revolution of the recording drum, at 
the gear setting employed by 476 mm., the length of photo-
graphic paper required to completely circle the drum. Col-
umn D gives the concentration of the solution when satura-
ted with nitric oxide at the pressure of nitric oxide above 
the solution. The value listed is 0.0112 mole'' per liter 
which was calculated above. Actually this is the saturated 
concentration at a pressure of nitric oxide of '86.4 mm. 
of mercury. The saturated concentration changes very little 
over the pressure range 6oo mm. of mercury to '86.4 mm. of 
mercury so the same value is used at all points. 
Column E gives the total number of moles of nitric 
oxide absorbed per liter of solution. Since there is no 
reaction, this is equivalent to the concentration of nitric 
oxide in the solution. The value is obtained by multiplying 
the value in· column A by 0.0016' mole per liter per mm. of 
graph (pressure). This factor is obtained as follows: 
Total change in pressure in 
mm. of graph : 
concentration of nitric oxide 
' at end of run 
or =_.,..A~­( NO) 
Change in pressure 
mm. of graph 
concentration of nitric 
oxide 
(NO) • .0112 A : 0.0016,Amoles per liter o.e 
TABLE XII 
,Calculation of the Rate of Solution Constant! k8 for Nitric Oxide in Bromobenzene Solution at - 50 c. 
A B c D E F G 
NO absorbed dpNO/dt dpNO/dt (NO) sat (NO} (NO) sat-(NO) (NO) sat 
D-E C/-F 
mm. of mm. graph mm. of Hg moles/ mm 1 of Hg 11 ter 
graph per per liter mole second 
mm. graph second 
Bx 1.06 AX 0.00165 Ykc 
1.8 -72.8/34 -2.27 .01120 .00296 .00824 276 
2.8 -67/40 -1.675 II .00461 .oo659 254 
3.4 -60.3/56.9 -1.06 II .00626 .00494 215 
4.5 -57.7/68.6 -0.825 II .00790 .00330 250 
5.8 -52/12J: -0.430 II .00957 .00164 264 
6.8 0 o.oo .01120 
Average 246* 
*The value of k calculated for 1.8 mm. of graph is not included in this vaiue. 
The slope of the curve was steep and impossible to read accurately. a-0 
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Column F lists the value of saturated concentration 
minus the actual concentration in mole~per 11tfir. These 
values were obtained by subtracting the values in column E 
from the value in column D. 
Column G gives the value of rate const2nt for the 
solution of nitric oXide gas in bromobenzene at a tempera-
ture of -1?0 c. for the rate of shaking and the reaction 
vessel employed. These values are obtained by dividing the 
values in column C by the values in column F according to 
equation (V). 
The agreement among the values of ks obtained is 
.considered satisfactory. The difficulty in measuring the 
slopes listed in column B accurately makes any better agree-
ment improbable. It is believed that the relative constan-
cy of the k values validates equation (V). 
Much more accurate values of k could have been c~l­
culated if a faster recording rate had been employed and ?O 
ml. of solvent had been used instead of 2? ml. 
(5) Rate of Reaction of Nitric Oxide with p-Nitrosodimethyl-
aniline in Bromobenzene Solution. 
Figure V is a copy of the reaction curve. The ini-
tial vertical drop in pressure represents the breaking of 
the bulb. The filling of the evacuated portion of the bulb 
causes the sudden drop in pressure. The absorption from this 
point represents a change in pressure of very close to 40 mm. 
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of graph or 80 mm. of mercury. During the erratic portion 
of the curve which follows the system was not shaken and 
the mercury manometer was not tapped. As soon as shaking 
and tapping was started the curve became smooth. The total 
change in pressure of nitric oxide during the run and during 
the saturation of the solution with nitric oxide was 40~6.8 
or 46.8 mm. of graph. The change in volume of gas caused 
by the small evacuated portion of the glass bulb was negli-
gible. The calculations concerned with this run are given 
in Table XIII. 
Column A lists the nitric oxide absorbed by the solu-
tion up to the point of the curve being measured. The value 
is given in mm. of graph which is equivalent to 2 mm. of 
mercury. Column B gives the slope of the curve in mm. of 
graph (pressure ) per mm. of graph (time). In Column C 
the values in column B have been multiplied by 2.0 to con-
vert from mm. of graph to mm. of mercury and divided by 
1.890 to convert from mm. of graph (time) to seconds. The 
determination of this, latter factor is given on page 59. 
The values in column D are derived by dividing the values 
in column C by 246. This is the rate of solution constant 
calculated in Table IX. 
The values in column E are obtained by subtracting 
twice the value in column A (to convert from mm. of graph 
(pressure) to mm. of Hg) from the initial pressure of nitric 
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TABLE XIII 
Calculations from Run LAVI 
A B c D E 
NO absorbed dpNO/dt dpNO/dt -dJ2NOLdt PNO ks 
mm. of graph mm. graph mm. of Hg moles/ mm. of Hg 
per per liter 
mm. graph second 
BX 1.06 c 6oo-2A 
2% 
11.8 -116/81 -1.515 .00651 576.4 
16.8 -ll4/83 -1.375 .0055'9 566.4 
21.8 -1ll/86.2 -1.29 .00524 556.4 
26.8 
-107/91 -1.175 .00478 546.4 
31.8 -101.2/96.6 -1.05 .00428 536.4 
36.8 -89/114 -0.78 .00317 526.4 
39.3 -87/117 -0.74 .00301 521.4 
41.8 
-73/151 -0.484 .00196 516.4 
44.3 -10.0/151 -0.0661 .000269 511.4 
46.8 0 0 506.4 
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TABLE XIII (CONT'D.) 
F G H I J K 
(NO) sat (NO) Tota1~;ml (NO) re- Time Time 
absor e acted 
moles/ moles/ moles/ mm. or seconds 
liter liter moles/ 
liter 
liter graph 
(E) ( .0000191) F-D (.0007l4)(2A) 1.89J 
.01100 .oo485 .01630 .01145 0 0 
.01082 .00523 .02320 .01797 3.6 6.8 
.01063 .00539 .03010 .02471 7.2 13.6 
.01043 .00565 .03700 .03135 ll.l 21.0 
.01024 .00598 .04400 .03802 15.5 29.3 
.01005 .oo688 .05090 .04402 21.0 39.7 
,00996 .00695 .05440 .04745 24.6 46.4 
.00987 .00791 .05780 .04989 28.0 53.0 
.00977 .00950 .06120 .05170;, 35.2 66.5 
.00967 .00967 .o646o .05493 
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TABLE XIII (CONT' D.) 
L M N 0 
~o) reacted d~NOl reacted d~NO} reacted Nitro so 
dt dt dt compound (NO) (N0)2 reacted 
moles/liter per second liters/mole moles/ 
second 1i ter 
L/G M/G (0. '))(I) 
:04322 
44.4 
.000982 0.202 41.60 .005'73 
.oll~1 .00982 0.188 36.0 .00899 
.042J .000928 0.172 32.0 .0124 
~ .00085'9 0.15'2 26.9 .015'7 
~· .ooo68l 0.114 19.1 .0190 
~ .0005'29 0.0769 11.17 .0220 
~ .000416 0.05'99 8.61 .0237 
~· .00027 0.0341 4.30 .0249 
• 025'8 
.0275' 
•It was impossible to obtain accurate slopes at 
these two points. 
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TABLE XIII (CONT 1 D.) 
p Q R s 
Nitroso d(NOl reacted d(NOl reacted d(NOl reacted 
Compound dt dt dt (ARNO) (No)2 (ARNO)(NO) [ARNO) 
moles/ 11te22;. liters/ per second 
liter mole second mole second 
.02746-(0) N/P N/P 
.0217 1.920 X 103 9.3 4. 52 X 10-2 
.0185 1.95 tt 10.2 5.32 II 
.0151 2.12 II 11.4 6.15 II 
.0118 2.28 II 12.9 7.30 II 
.00845 2.26 II 13.5 8.06 II 
.00545 2.05 " 14.1 9.70 II 
.00374 2.30 II 16.0 11.1 II 
.00251 1.71 II 13.6 10.8 II 
.00161 
.0000 
average 2.07 x 103 11ter2 per mole2 second 
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TABLE XIII (CONT 1 D.) 
T u v w 
d~NO) reacted d~NO) reacted d~NOl reacted d~NOl reacted 
dt (ARNO) (NO) l/2 dt (No)I/2 dt (ARNo)2 dt (ARNO) 2(NO) 
literl/2; mole11~ liters/ li~ers2/ 
mole1/2 liter1 mole second mole second 
second second 
0.65'0 1.39 X 10-2 2.08 4.29 X 102 
0.734 1.41 H 2.88 5'.5'0 H 
0.839 1.36 II 4.08 7.5'9 II 
0.970 1.27 II 6.20 11.0 II 
1.040 0.88 II 9.5'5' 16.0 II 
1.170 0.64 H 17.80 25'.8 II 
1.33 o.?o H 29.60 42.6 II 
1.21 0.30 II 43.00 5'4.3 II 
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TABLE XIII (CONT'D.) 
X y 
d~NOl reacted d~NOl reacted 
d~ at _ (ARNO)(N0)2 (ARNO)Ii2 
11~ers3/ 
mole second 
mole'112; 
li terl 2 second 
8.83 X 105 6.65 x lo-3 
10.5 II 7.21 tt 
14.1 
" 
7.5'5 tt 
19.4 " 7.87 " 
26.8 tt 7.40 tt 
37.6 tt 7.15' II 
61.3 tt 6.80 
" 
68.6 tt 5'.36 " 
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oxide, 600 millimeters of mercury. Column F gives the con-
centration of a saturated solution in equilibrium with the 
pressure of nitric oxide given in column E. The saturated 
concentration is obtained by· multiplying the value in column 
E by 0.0000191. This factor is derived as follows: 
For a pressure of NO or 586 mm. or mercury (NO) sat. is 
.01120 moles/liter 
(see page .58 ) 
According to Henry's law k3 = PA CA 
where PA is the pressure of the gas being measured and CA 
is its concentration. Since k 3 is a constant, one may 
write 
PAl PA2 
(PNO)l = or 
CAl CA2 = (NO) sat. 
(PN0)2 
(N0) 2sat 
Substituting 586 mm. tor (PN0 ) 1 and .01120 mole per liter 
for (N0) 2 sat, and transposing the equation gives 
(No) 2 sat.• .o~go (PN0)2 • o.oooo191 (PN0) 2 moles/ liter 
By employing this equation, one may calculate the saturated 
concentration or nitric oxide in bromobenzene under any 
pressure of nitric oxide gas at -15° c. 
Column G lists the concentration of nitric oxide 
in the solution. This value is obtained by subtracting the 
value in column D from the value in column F. 
dpNO 
dt 
dpNO 
dt 
(NO) 
= 
-
ks ((NO)sat-(NO)) (V) 
-
-
((NO) sat.-(NO)) 
(NO)sat.- ( dpNO/dt ) 
ks 
Column H gives the total amount of nitric oxide 
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absorbed in moles per liter. These values are obtained by 
multiplying the value in column A by two to get the total 
nitric oxide absorbed and multiplying this value by 
0.000714. This factor is obtained as folloWS! 
The number of moles of nitric oxide absorbed for 
each mm. of mercury change in pressure is calculated by 
the ideal gas law 
PV • NRT 
or 
N : 
p 
PVgas =~z:-;;6~o__.xx~o2~!>3rt-3...,1 .... RT 0.082 ,8 : .0000220 moles/mm. of Hg 
this is the number of moles of nitric oxide absorbed by 30 
ml. of solution. A liter of solution would have absorbed 
1000/30 times as much or .000714 mole/liter per mm. of mer-
cury. 
Column I gives the amount of nitric oxide reacted. 
The values are obtained by subtracting the values in column 
G from the values in column H. The only nitric oxide in solu-
tion is that absorbed from the gas. The difference between 
the amount of gas absorbed and the amount of gas remaining 
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in solution must be the amount of gas reacted. 
Column J gives the time required for the absorption 
of the gas, with the time when 11.8 mm. of gas had been ab-
sorbed arbitrarily taken as zero. The value which was read 
directly from the photographic curve is given in mm. of 
graph. This value is multiplied by 1.890 seconds/millimeter 
of graph (see page 59) to give the values in seconds as 
given in column K. 
A curve of amount of nitric oXide reacted in moles 
per liter vs. time in seconds is obtained by plotting the 
values in columns I and K. This curve is given in Figure 
IX. The slope of this curve at any point is the rate of 
reaction of nitric oXide. This value depends only on the 
components of the solution and not on the gas. The rate of 
reaction is not d(NO)/dt because this is affected by both 
the reaction and the absorption from the gas. Column L 
gives the slope of the curve at the points equivalent to 
the absorptions listed in column A. The slopes may be 
measured most accurately at the beginning of the curve where 
the change in slope between points on the curve is not so 
great. 
Column M lists the rate constants calculated assum-
ing the rate of the reaction depends only on the first power 
of the nitric oXide concentration. An examination of the 
table reveals that this assumption is incorrect. 
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Column N lists the rate constants calculated assum-
ing the rate of the reaction depends only on the second 
power of the nitric oxide concentration. This assumption 
is also shown to be incorrect. 
In order to make further calculations, it is neces-
warytxl know the concentration of nitroso compound in the 
solution. For the following calculations it is assumed 
that one mole of nitroso compound is reacted for each two 
moles of nitric oxide reacted at any time during the run, 
For some probable mechanisms this assumption is correct, 
for others such as: 
RNO + NO k:t, RNO (NO) 
RNO(NO)+ NO k?~ RNO (N0) 2 
Where k1 and k2 are of the same order of magnitude, the 
assumption is incorrect, The reaction constant k1 cannot 
be much faster than k2 for this would lead to very fast 
absorption of one mole of nitric oxide per mole of nitroso 
compound followed by a much slower absorption of a second 
mole of nitric oxide gas. All of the absorption curves 
are smooth. 
The values in column 0 are obtained by dividing 
the number of moles/liter of nitri~ oxide reacted listed 
in column I by 2. This gives the number of moles/liter 
of nitroso compound reacted. Assuming the reaction goes 
to completion, there is no nitroso compound at the end of 
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the reaction. The values in column P for the concentration 
of nitroso compound are obtained by subtracting the values 
for the nitroso compound reacted listed in column 0 from 
0.02746 the number of moles/liter of nitroso compound used 
up by the entire reaction (The last number in column 0). 
Actually 0.0272 moles of p-nitrosodimethylaniline were 
placed in the reaction vessel. This indicates that 
.02746 x 2 or 2.02 moles of nitric oxide have reacted per 
.0272 
mole of nitroso compound present. 
This value is well within the experimental error 
of 2.00 and it may be assumed that the correct stoichiometry 
of the reaction is 
p-(CH3) 2NC6H4NO + 2NO-P-(CH3)2NC6H4N; No3 
and that the reaction goes to completion. 
Column Q lists the rate constants calculated assum-
ing the rate of the reaction depends on second power of the 
nitric oxide concentration and the first power of the nitro-
so compound concentration. The values are constant within 
the limits of experimental error in the measurements of the 
rate of reaction. 
Column R lists the rate constants calculated assum-
ing the rate of reaction depends on the first power of the 
nitroso compound concentration and the first power of the 
nitric oxide concentration. The large variations indicate 
that this assumption is incorrect. Columns S through X list 
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rate constants calculated for other orders of reaction. All 
show large variation among calculated constants. Column Y 
shows fair agreement among rate constants based on an order 
of zero in nitric oxide concentration and dependent on the 
square root of the nitroso compound concentration. Square 
root dependence was observed before the shaking rate was 
taken into account. The rate of absorption of gas in these 
runs is greatly dependent on the nitric oxide pressure as 
may be seen by examination of Table VII. Run AFI was car-
ried out under a pressure of nitric oxide of 600 mm. of 
mercury while run AEI was performed under a pressure of 
1200 mm. of mercury. Otherwise these runs were performed 
under the same conditions. The temperature in these runs 
was 3.2° C. Absorption was 99% complete within 48 seconds 
in run AEI. The reaction must have been at least 99% com-
plete at this time. If the rate of reaction is independent 
of the nitric oxide concentration, reaction must have been 
99% complete within 48 seconds in run AFI. However, in 
this case absorption was not 99% complete for 137 seconds. 
This great difference cannot be explained by a slow rate 
of absorption of gas by the solvent. Even at -15° c. this 
amount of solvent is saturated in about 30 seconds under a 
nitric oxide pressure of 600 mm. of mercury in run LAVI. 
It is concluded that the rate of reaction is not indepen-
dent of the nitric oxide concentration. 
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First order dependence on nitroso compound and second 
order dependence on nitric oxide concentration is the only 
assumption of those tested which gives constant rate con-
stants within experimental error. Third order kinetics are 
not unusual for reactions involving nitric oxide. The 
following gas reactions have been found to be third order 
reactions: 1 
2NO+ o2-- 2N02 
2NO + Br - 2NOBr 
2 
2NO+Cl2- 2NOC1 
(D) Calculation of Run lB. 
Run IB was carried out in Apparatus A-1. The follow-
ing data are pertinent to the run: 
Weight of p-nitrosodimethylaniline 
Pressure of nitric oXide at start 
Volume. of system 
Volume of bromobenzene 
Volume of solvent in bulb 
Temperature 
Shaker No. 
Volume of gas 
Time for rotation of photographic 
system 
0.2644 grams 
152 5 mm. of Hg 
380 ml. 
50 ml. 
o.oo ml. 
25.0-: 0.1° c. 
3 
380-50 = 330 ml. 
7.5 minutes 
Figure VI is a copy of the photograph of the absorp-
1Frost, A.A., and Pearson, R. G., '~inetics and Mech-
anism," John Wiley and Sons Inc., New York (1953), p. 104. 
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tion curves for this run. Table XIV shows the calculation 
of the rate of solution constant, k , for this system. Table 
s 
XV gives the calculation of kinetic data. Slopes were de-
termined by the method described in run LAVI. The constants 
employed in these calculations were determined as follows. 
Table XIV 
Column C. The factor 2.12 was obtained by multiplying the 
corresponding value (1.06) in Table XI: by two. This was 
done because the recording system revolved at twice the rate 
employed in run LAVI 
Column D. The value 0.000712 was obtained in the following 
manner: 2 p; 
» = ( '!~V gas) = ~ <· 33) 
:02)(298) 
.. 
: 3. 56 x lo-5 l'P moles 
of n1 tfic oxide 
absorbed per mm. 
of graph. 
Concentration : N x 1000 
(V liq.) 
{3.56 x lo-5')(1000) = .oo0712 56 
moles/liter mm. 
of graph 
Table XV 
Column C. The factor 2.12 was obtainedfr:om Column c, Table 
XIV. 
Column D. 
Table XIV. 
The factor 523 is the value of k calculated in 
s 
Column E. The factor 8.11 x 10-6 was obtained as follows: 
Change in pressure due to saturation of bromobenzene 
with nitric oxide = 2 x 17 : 34 mm. of mercury. The pressure 
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of nitric oxide in equilibrium with the solution is 1525 -
34 = 1491 mm. of Hg. 
Number of moles of NO in solution N 
.ooo6o5 
: _fi : -%5 X • 330 
RT .OB2 X 29B 
Concentration N x 1900: .01210 moles/liter= (NO)sat. 5o 
= 
From Henry's law k3 = (NO)sat. = .01210 = 8.11 x 10-6 moles/ pNO 1491 liter/mm. Hg 
Column H. The factor 0.000712 was obtained from Column D, 
Table XIV. 
Column K. The factor, 0.945, is one half of 1.890, the 
corresponding factor in Table XIV.. The rate of travel of 
the recording system was ',twice. that employed in run LAVI. 
The agreement among rate constants given in Column 
R is not particularly good. However, these do show smaller 
proportional changes than do the constants calculated for 
other order assumptions. They also do not show a definite 
tendency to increase or decrease as the run progressed. For 
these reasons the rate of reaction is believed to depend on 
the first order of the ni.troso compound concentration and 
the second order of the nitric oxide concentration. The 
same dependency was noted in run LAVI. The fair agreement 
between rate constants calculated assuming independence of 
nitric oxide concentration and half order dependence on ni-
troso compound concentration was disregarded for reasons 
liven under run LAVI. 
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TABLE XIV 
Calculation of the Rate of Solution Constant, ks' f'or Run IB 
A B c D E 
NO absorbed dpNO/dt dpNO/d:t (NO)sat.-(NO) 
-drNOLdt (NO sat.-(NO) 
mm. (graph) mm 1 ~graoh~ mm. Hg/ moles/ mm 1 H'Lsec 1 
mm. graPh sec liter molesl1ter 
B X 2.12 ( .000712) (17-A) 
3 -120.5/50 -5.11 .00996 513 
5 -129/60 -4.56 .00855 531 
7 -108/60 -3.82 .00712 524 
9 -85/60 -3.00 .00570 525 
11 -62.5/60 -2.20 .00427 514 
13 -42.5/60 -1.50 .00285 526 
15 -34.9/6o -0.740 .00143 517 
17 0 0 .00000 
Average 523 = k s 
• 
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TABLE '1JT 
Calculations from Run IB 
A B c D E F 
NO absorbed dpNO/dt dpNO/dt 
-dJ2NOLdt 
ks 
pNO (NO) sat. 
mm. of graph mm. graph mm. of Hg mm. of moles/ 
per per Hg liter 
mm. graph second 
B X 2.12 c 
523 
1525-2A 8.11 x 10-6E 
25 -80/39.6 -4.33 .00845' 1475' .01197 
35 -80/39.5 -4.29 .00836 1455' .01180 
45 -80/40.1 -4.23 .00825 1435 .01163 
55 -80/42.5 -3.99 .00779 1415 .01147 
65 -80/44 -3.86 .00?54 1395 .01131 
75 -80/48 -3.54 .00691 1375 .01115 
85 -80/54 -3.14 .00613 1355 .01099 
95 -80!66 -2.565' .00501 1335 .01082 
105 -80/92 -1.84 .00360 1315' .01067 
115 0 0 .00000 1295' .01050 
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TABLE XY (CONT 1 D.) 
G H I J K 
(NO) Total NO (NO) reacted Time Time 
absorbed 
moles/ moles/ moles/liter rmn. seconds 
liter liter (graph) 
F-D .00035'6(2A) H-G 0.945'J 
.oo35'2 .01780 .01428 0 0 
.00344 .02492 .02148 5'.2 4.91 
.00338 .03202 .02864 10.5' 9.92 
.00368 .03920 .035'5'2 15'. 7 14.85' 
.00377 .04640 .04263 21.7 20.5'0 
.00424 .05'340 .04916 27.2 25'. 72 
.oo486 .o6o5'o .05'5'64 33.8 31.98 
.005'81 .06760 .06179 40.7 38.5'2 
.00707 .07480 .06773 5'1.7 48.90 
.0105'0 .08190 .07140 
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TABLE X!l ( CONT 1 D.) 
L M N 0 
d'NO) reacted d~NO) reacted d'NO) reacted (ARNO) reacted 
dt dt dt 
(NO) .. ·. (No)2 
molesLl;!.ter seconds-1 liters per moles/liter 
second mole second 
L/G 0.5 I 
.00714 
.001488 0.432 12.57 .01074 
.001410 0.417 13.32 .0143 
.001300 0.354 9.6o .0178 
.001260 0.334 8.86 .0213 
.001155 0.273 6.44 .0246 
.000972 0.200 4.11 ,0278 
.000850* 0.146 2. 52 .0309 
.0339 
.0357 
*The slope at this point was particularly difficult 
to read. For this reason the value may be in error. 
83 
TABLE X!V (CONT 1D.) 
p Q R s 
(ARNO) d~NOl reacted d~NOl reacted d~NOl reacted 
<It dt dt (ARNO)(NO) (ARNO)(N0)2 (NO) 1/2 
moles/ liters per l1te2s2 per molesl/.2 per 
liter mole second mole second liter1i'2 second 
.03570-(0) M/P ~G 
.0286 
,o25o 17.3 5.05 X 10+3 0.0252 
.0214 19.6 5.77 II 0.0242 
.0179 19.2 5.22 II 0.0214 
.0144 23.2 6.15 " 0.0204 
.Olll 24.5 5•79 " 0.0177 
.00788 25.4 5.22 " 0.0139 
.00480 30.4 5.23 II 0.0111 
.00184 
.ooooo 
Average 5. 49 X 10+3 
T 
d(NO) reacted 
dt (ARNO) 
second-1 
0.0595 
o.o663 
0.0706 
0.0875 
0.104 
0.123 
0.177 
TABLE XY (CONT 1 D.) 
u 
d(NO) reacted 
dt (ARNo)2 
liters/mole 
second 
692 
915 
107 
161 
220 
322 
634 
84 
v 
d(NO) reacted 
dt (A.RNO) l/2 
moles112per 
11 ter112 secord 
2.72 X 10-4 
2.84 II 
2.64 II 
2.78 II 
2.59 II 
2.25 n 
2.10 II 
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The total number of moles per liter calculated from 
the amount of nitric oxide reacted is 0.0357 moles per liter 
(see Column o, Table XV). The number of moles per liter 
present at the start of the reaction was (Ot2644)( 1000) : 
150) <5o) 
0.0354 moles per liter. The stoichiometry instead of being 
2 moles of nitric oxide per•ole of p-nitrosodimethylaniline 
as was assumed in the calculation was ~ x 2.0 or 1.985 
-:om 
moles of nitric oxide per mole. These values are the same 
within experimental error. 
The reaction bulb in run IB contained solid p-nitro-
sodimethylaniline and not solution. After the bulb was bro-
ken some time must have been required to di·ssolve the solid. 
This time was small since p-nitrosodimethylaniline had been 
observed to dissolve almost instantaneously in bromobenzene 
underslight shaking. The fact that the same kinetic order 
was observed for this run and for run LAVI in which the re-
action bulb contained solvent indicates that the rate of 
so1ution of the solid did not effect the absorption curve 
to an important degree. It was decided to calculate the 
rate of solution constant at various points in a third run 
using the results of runs LAVI and IB. If the calculated 
constants did not vary greatly throughout the run and were 
of the correct order of magnitude they would give further 
indication that the above kinetic results and techniques 
are correct. 
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(E) Calculation of the Rate of Solution Constants, k , from 
s 
Absorption Reaction Curves. 
According to the conclusions from runs LAVI and IB, 
the kinetic expression for the Bamberger reaction is: 
d(NO) reacted : k(ARNO){N0)2 
dt 
transposing equation (V) gives€d NO' 
(NO) = (NO) saturated-- at Z 
ks 
and from Henry's law 
(NO) saturated = (NO) saturatedp_ p 
Po 
substituting in equation (VIII) 
(NO) = (NO) saturated~ -
Po 
for ease of handling, let 
'NO} saturatedo- = c l'i 0 
and 
-dJ:lNO = e dt 
then 
(NO) = Cp - s 
ks 
but 
(NO) reacted = (NO) absorbed - (NO) 
where (NO) absorbed = ~ - t;) (V gas) 
7 RT (V li'fUid)' 
(VII) 
(VIII) 
(IX) 
(X) 
(XI) 
en I) 
(XIII) 
(XIV) 
(XV) 
P is in mm. of mercury and V gas and V liquid are in 
liters. 
88 
let ~V gas) : A 
? ORT (V liquid) 
(XVI) 
substituting equations (XIII), (XV), and (XVI) into equation 
(XIV) gives 
(NO) reacted • (P 0 - P)A - Cp-1- ~ 
ks 
differentiating 
d(NO) reacted : -A~ -~ + d~/sdt 
dt 
but e = -n and de = ~ dt dt2 
let IX 
=- -~~~ 
then 
d(NO) reacted : Ae + 
dt ce + 
(XVII) 
(XVIII) 
(XIX) 
Since two moles of nitric oxide are reacted for each mole 
of nitroso compound reacted. 
(ARNO) = (ARN0) 0 -
let (ARNO) = D 
0 
(NO) reacted 
2 
{XX) 
{XXI) 
substituting equations (XXI) and (XVII) into equation {XX) 
gives 
{ARNO) : D - ~t + ~A + ~ _ 9 
2ks (XXII) 
Substituting equations {XXII), {XIX), and (XIII) into equa-
tion (VII) and dividing by ~ 3 gives ks 
0 = (nc2p2 - Ac2p2p0 + Ac2p3 + c3p3 - AS -£...!__) k 3 2 2 ~ k k s 
+ ( ACR rf9 -2CIJ9 
+ (ne 2+ q~ 2 + 36:CPe 2 -•·~ ) 
(-C<3/i C+A)J'29 -2C (D - llf:o} 
2 
( ~ ~9 2 + ~ --ttot) k 8 
This equation is equivalent to 
Mks3 + Nks2 + Qks + R ,. 0 
or 
- 0 
e3 
2 = 0 
) k 2 s 
e3 
T 
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(XXIII) 
(XXIV) 
and may be solved by the general method of solving cubic 
equatiohs. 
(F) Calculation of Rate of Solution Constant, ks, for Run 
HBIV. 
Run HBIV was selected for this calculation since it 
was carried out during a.period When runs employing nitroso 
compounds other than p-nitrosodimethylaniline were reacted 
(see Table X). It is hoped that the rate of solution con-
stant for this run may be employed in calculating rate con-
stants for these other runs. 
(1) Calculation of the Rate Constant for the Reaction be-
tween nitric Oxide and p-Nitrosodimethylaniline in 
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Bromobenzene Solution at 3.2° c. 
The general equation for the rate constant or a reac-
tion is 
or 
= 
DS* /R -AH~ /RT e , 
and 
ln ~fr = R - AH• R'T 
and 
t.H* = AS* - Rln kzJ! 
T Tk (XXV) 
Dlifferentiating and assuming AS* varies little With temper-
ature ·#elds: 
: - R dln krJl 
Tk 
This assumption is probably good since the mechanism or the 
reaction most likely doesn't change with temperature and 
the entropy or the starting materials and the activated com-
plex are probably affected similarly by temperature. 
Integrating between the limits T2 and T1 gives 
ism, 11 
- R [ln krh ] T2 
Tk Tl 
lFrost, A.A. and Pearson, R. G., "Kinetics and Mechan-
John Wiley and Sons, Inc., New York, (1953), p. 96. 
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over a small temperature range AHt should not vary appre-
ciably so 
and 
= 
-R 
In solving this equation the term 
tained so 
lnh - lnh Will be ob-k k 
= -2.3 R A.log-¥ 
6. 1/T (XlJCVI) 
The rate constants and temperature of runs IB and 
LAVI are given in Table XVI 
TABLE XVI 
Rate Constants for Runs IB and LAVI 
Run Temperature k k/T log k/T 1/T 
«>rc lite~s2/ li te221 DK-1 
mole mole sec/ 
second DK 
IB 298 5.49 X 103 18.4 1.265 0.00336 
LAVI 258 2.07 II 8.03 0.905 0.00388 
Substituting the values from Table XVI in equation (XXVI) 
and solving gives a value of 3.1 kilocalories per mole 
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for the heat of .activation of the reaction. Substituting 
this value and the appropriate numbers for LAVI in Table 
XVI into equation (XXV) leads to a value of -32.7 e.u. 
for the entropy of activation of the reaction. 
Run HBIV was carried out at 276.2° K. Using this 
temperature, the data given in Table XVI for run LAVI and 
the heat of activation calculated above a rate constant of 
3.36 x 103 liters2 per mole2 second at 276.2° K was cal-
culated from equation (XXVI). This value will be employed 
in calculating the rate of solution constant, k 5 , for run 
HBIV. 
(2) Calculation of Henry's Constant for the Solution of 
Nitric Oxide in Bromobenzene at 3.2° c. 
If one considers a gas-solution eqUilibrium as an 
equ~librium between two concentrations, one can determine 
an eqYilibrium constant for the system where 
(NO) gas K : 
(NO) solution 
(XXVII) 
at 2580 K under a pressure of 586.4 mm. of mercury 
(NO) gas = .0365 mole: /liter. 
In run LAVI the eqUilibrium concentration of nitric 
oxide in solution under these conditions was 0.0112 mole~ 
per liter so 
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K : _{~NN.,oO+-) ...,:S~o:!J.D.~e.~•'- : 0, 0112 { } gas 0.0365 = 0.307 
at 2980 K under a pressure of 1491 mm, of mercury 
(NO) gas • _n__ ~ 
V gas 
= 0.0804 moles/ 
liter 
In run IB the equilibrium concentration of nitric oxide in 
solution under these conditions was 0.0121 moles/liter so 
at 2980 K. 
K 
but 
AH • -R 
= 
1 .. 
~ln K 
~ (1/T) 
: -2,3R 
= 0.151 
Alo; K 
A(l TT (XXVIII) 
The values of log K and 1/T are listed in Table XVII. 
TABLE XVII 
Equilibrium Constant for the Solution of Nitric Oxide 
in Bromobenzene 
Run Temperature 
~ 
LAVI 258 
IB 298 
K 
0.307 
0.151 
log. K 
9.48714-10 
9.17898-10 
1/T 
~-1 
3,88 X 10-3 
3.36 tl 
Substitution of these values into equation (XXVIII) leads 
to a value of -2.72 k cal per1 .mole for t.H. This is the heat 
of solution of nitric oxide in bromobenzene, Using this 
value of AH one may calculate a value of 0.215 for the 
1Glasstone, s., "Textbook of Physical Chemistry," 
D, Van Nostrand Company, New York, (1946), p. 830. 
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equilibrium constant, K, at 276.2° c. The value of constant 
C at this temperature may be determined from equations (XI) 
and (XXVII) • 
c • ~NO) sat0 _ 
P'o 
K 
= ~;g~ sat. gas 
so c - K~NO} gas 
- If 
from the ideal gas law 
<No) gas - Jfe6~ 
-(.0 19 (276.2) 
and 
(XI) 
(XXVII) 
C = 1.25 x lo-5 moles/liter mm. of Hg at 3.2° c. 
This is the value of constant C employed in the calculation 
of run HBIV. 
(3) Experimental Conditions of Run HBIV. 
Run HBIV was performed under the following starting 
c ondi ti ons 1 
Apparatus 
Total volume of system 
Weight of p-ni trosodimethylaniline 
Total volume of solvent (Vliq) 
Volume of solution in bulb 
Volume of gas (V gas) 
Temperature 
Time of recording 
A-3 
36o ml. 
0.1719 grams 
30 ml. 
5 ml. 
330 ml. 
3.2o c. 
7.5 minutes 
Initial pressure of nitric oxide 
Final pressure of nitric oxide 
6oo mm. 
470 mm. 
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(4) Calculation of the Constants in Equation (XXIII) and 
(XXIV) Including the Rate of Solution Constant, k 5 • 
From equation (XVI) 
A • ~v gas) 
7 0 RT (V liq·) 
: 0.636 x 10-~ mole:c/liter mm. of 
Hg 
and from equation (XXI) 
D = 
Substituting 
(ARNO) o : (~ ( 1000) : 
( (V liq·) 
these values and the values 
0.0382 moler/liter 
already calculated 
for k and C into equation (XXID)leads to the following values 
for the coefficien'ta in equation (XXIJ) 
M : 5.07 X lo-l4 p3 - 2.386 X 10-ll p2 - 1.933 X lo-7e 
N = -8.188 x lo-9 p4& 3.816 x lo-6 pe - 3.69 x lo-6e 
Q = 3.367xl0-4 pe2 -1.526xlo-1 e 2 
R = - e3 
"-2'" 
The values of p and t were determined at several points 
f~om the absorption-reaction curve by the methods described 
under run LAVI. The values of (J (i.e. -dp/dt) were plotted 
against time (Figure XY). The slope of the resulting curve 
is~ (i.e. -d2p/dt2). It is interesting that most of the 
points on _the curve fall on a straight line. 
so 
and 
d2~ = c~ dt 
~ 
(P : 
= c't+c!' 
• 2 '• 'n\ £· t + c . t + c - j 
2 
(XXVIII) 
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where cJ is the slope of Figure XT and ell and c1 1 1 are in-
,. Hi tegration constants. "' -- is the pressure at time 0 and 
1 C· can be determined from the slope of the absorption curve 
at any known time. A majority of the absorption curve can 
be reproduced using this equation. Although this line of 
thought might lead to extremely interesting conclusions, 
it will not be pursued at present because of lack of time. 
The calculation of M, N, Q and R is given in Table 
XVIII along with the solution of the cubic equation for 
The agreement between the values of k8 in the first 
7/12 of the run is quite good. The slope of the reaction 
curve during the latter portion of the run was difficult 
to measure accurately. The rate constants calculated from 
runs IB and LAIV must contain some error since they are 
averages of numbers which have a fair amount of variation. 
For this reason the rate constant at 3.2° c. calculated: from 
these values must have someerror. Such an error would be 
magnified in calculating values of k8 near the end of the 
run where the percentagewise variation of nitroso compound 
concentration is large. 
Table XIX lists values of k8 calculated from the 
initial slope of the absorption curve and the assumption 
of an initial nitric oxide concentration of zero for runs 
LAVI, IB and HBIV. This assumption is poor since there was 
TABLE XVIII 
Calculation of the Rate of Solution Constant from Run HBIV Assumihg the Rate of Reac-
tion Depends on the First Power of the p-Nitrosodimethylaniline Concentration and 
the Second Power of the Nitric Oxide Concentration 
Pressure e ex M N R ks 
mm. of Hg mm. of Hg mm? of Hg I'IIM· of Hg h'tet"S per-
per second per second2 ""'~'e secol'ld 
578.8 1.84 -1.41 x lo-2 14.82 X 10-7 -9.78 X 10-4 -3.11 456 
568.8 1.61 II 13.00 II -7.66 II -2.09 402 
558.8 1. 55 II 10.97 II -6.53 II -1.86 417 
548.8 1.52 II 9.00 II -5.61 II -1.76 448 
538.8 1.39 II 7.35 II -4.42 II -1.34 436 
528.8 1.31 II 5.72 II -3.51 II -1.12 456 
518.8 1.17 II 4.32 II -2.58 II -0.801 450 
508.8 1.06 II 2.96 II 
-2.05 II -0.596 573 
498.8 0.925 II 1.77 II -1.19 II -0.396 546 
488.8 o. 741 .. 0.771 II -0.631 II -0.203 702 
478.8 0.380 -2.22"x 1o-2 0.21? II -0.123 II 
-0.0274 444 
..c> 
aJ 
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a considerable concentration of nitric oxide at this time. 
However these do give minimum values for:k8 • Comparison with 
the known values for runs IB and LAVI indicate that the value 
calculated for run HBIV is of the correct order of magnitude. 
Equation (XUlO was employed in these calculations. 
- dpNO = ks ( (NO) saturated - (NO) ) 
dt 
• 
if (NO) = 0 
ks = 
-dpNO 
dt 
(NO) saturated - (NO) 
-dpNO 
dt (NO) saturated 
TABLE XIX 
(V) 
(XXIX) 
Values of the Rate of Solution Constant, ks' Calculated 
Assuming (N0) 0 = o. 
Run -dpNO/dt (NO) sat. ks ks 
mm. of Hg/ moles/ assuming calculated 
second liter (N0) 0 : 0 mm. of Hg •. liters per mole second 
LAVI 1.515 0.0110 138 246 
IB 4.33 0.01197 362 525 
HBIV 1.81 0.00735 246 438* 
*This is the average of the first seven values of k5 
calculated in Table XVIII. 
The above calculation was repeated. This time the 
reaction was assumed to be first order in nitric oxide and 
first order in p-nitrosodimethylaniline. The rate constant 
used in this calculation was that calculated using equation 
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(XXVI) and the average values of the corresponding rate con-
stants for runs LAVI and IB. The value obtained was 18.0 
liters/mole second. The fo1lowing equation which was derived 
in a manner similar to the derivation or equation (XXIII) 
was employed in calculating rate or solution constant. 
(D A'o fA!g) 
--) j.i' + c \27 p2 
2 
[- (c + 
(XXVI) 
The values obtained for the rate of solution constant, ks, 
at various pressures are listed in Table XX. 
All or the calculated values or ks are considerably 
lower than the minimum value of 246 determined in Table 
XIX. It is concluded that the rate or reaction does not 
depend on the first power or the nitric oxide and the nitroso 
compound concentrations. This assumption and the assumption 
or half order dependency on the nitroso compound, Which has 
already been disproved, gave the only rate constants which 
did not vary greatly in runs IB and LAVI. Therefore, the 
assumption of dependency on the first power of the nitroso 
compound concentration and the second power or the nitric 
oxide concentration is the only one or those tested which 
has not been disproven. It is believed that the following 
equation gives the rate of the Bamberger Reaction. 
d(ARNO) 
dt = 
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where m is very close to l.O and n is close to 2.0. The 
highly reasonable value of ks calculated from this assumption 
is considered strong evidence that the assumption is correct. 
This conclusion is based on the great variation in the cal-
culated value of ks with rate dependency assumption. 
Rate of solution constants can be determined quite 
accurately. The calculation of rate of solution constants 
from assumed rate equations should therefore prove a valuable 
technique for determining actual kinetic expressions for het-
erogeneous systems for which it is otherwise difficult to 
distinguish between two or more rate expressions. In order 
to employ this technique, experimental conditions under which 
the concentration of one of the reactants is not the eq~ili­
brium concentration must be selected. 
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TABLE XX 
Rate of Solution Constant Calculated from Run HBIV Assuming 
the Bamberger Reaction Is First Order With Respect to 
Both Nitric Oxide and Nitroso Compound Concentrations 
pressure ks 
mm. ot Hg mm. ot He liter 
mole second 
578.8 98.1 
568.8 78.2 
558.8 81.4 
548.8 91.3 
538.8 82.5 
528.8 78.0 
518.8 59.4 
508.8 imaginary 
498.8 imaginary 
488.8 imaginary 
478.8 imaginary 
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IV. CONCLUSIONS 
The rollowing conclusions have been drawn from the 
experiments and calculations included in this dissertation= 
1. The stoichiometry 
ARNO + 2NO 
or the Bamberger 
+ 
-- ARN2 + N03 
reaction is: 
In the presence or excess nitric oxide the 
reaction goes to completion or almost to com-
pletion. 
2. Solutions of nitrosobenzene absorb nitric oxide 
slightly raster than solutions of p-nitrosobromo-
benzene which in turn absorb nitric oxide faster 
than solutions or p-nitrosodimethylaniline. 
3· Solutions or the monomer or nitrosomesitylene 
absorb nitric oxide raster than solutions or 
p-nitrosodimethylaniline. 
4· The rate or reaction of p-nitrosodimethylaniline 
with nitric oxide depends on the rirst power or 
the nitroso compound concentration and on the 
second power of the nitric oxide concentration. 
5. The calcuJa. ted heat or activation for the reac-
tion between p-nitrosodimethylaniline and nitric 
oxide is 3.10 kcal. per mole. 
6. A method was developed for studying reaction 
kinetics ror a two phase system ~.n·which reaction 
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occurs in one phase and a reactant is stored in 
the other phase and transfered into the reaction 
phase at a rate similar to the rate of reaction. 
The method is based on the assumption that the 
rate of transfer of a reactant into the reaction 
phase depends .on the instantaneous concentrations 
of the reactant in the two phases, the equilibrium 
concentrations of the reactant in the phases and 
the effective area between the phases. The 
method is applied specifically to storage of a 
reactant in the gas phase and reaction in the 
liquid phase. 
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V. SP:&:ULATIONS 
1. The observations in this dissertation can be 
explained by the following mechanism: 
of- ot 
- - /-IQ- ~~~ lql> 
OJ+ 
I 
A R-N ::./11 
-
+ 
AR-N.:=.NI 
(A) 
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It is assumed that the equilibrium reaction (!) is 
very fast compared to at least one of the other steps, kB, 
kc, kD or kE can be either rate constants or equilibrium 
constants, At least one of these steps is probably not an 
equilib~ium since there is evidence that the reaction goes 
to completion, The rate expression then is 
d (NO) reacted = kAk0 (dNO)(N0) 2 dt 
where k is a combination of the other rate or equilibrium 
0 
constants. The rate of reaction would depend on the equili-
brium constant kA• The greater the difference in enthalpy 
between structure (A) and the n1 troso compound the less the 
equilibrium concentration of (A). The less the concentration 
of (A) the slower the reaction, The following resonance 
structure which is important in the nitroso compounds can 
not be important in structure (A) 
-+ 
tR 
'O~­I {'(' 
It would require more than an octet of electrons on the ni-
trogen atom, This structure is a large contributor to the 
p-n1trosodimethylaniline molecule, a small contributor to 
the p-bromonitrosobenzene molecule and not a contributor to 
the nitrosobenzene molecule, It is probably not a contribu-
tor to the nitrosomes:Ltylene molecule because steric hin"· . 
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drance to the coplanarity of the nitroso group probably 
doesn't permit resonance between the nitroso group and the 
Aromatic·ring (see Figure!! Part III). The resulting heats 
of reaction for equilibrium (A) should cause relative equili-
brium concentrations of intermediate (A) Which predict the 
effect of substituent observed in this dissertation. 
Actually the above discussion should be based on 
free energies but since the entropy of the equilibrium reac-
tion must be practically the same for each nitroso compound, 
with the possible exception of nitrosomesi.tylene, C()mparison 
of enthalpies should lead to correct conclusions. 
The importance of equilibrium (A) may explain the 
low calculated value of the heat of activation for the reac-
tion. As the temperature increases the concentration of (A) 
would decrease. This would cause the overall reaction to 
have a smaller. temperature dependence than would otherWise 
be expected. Of course it is also possible that the actual 
mechanism is such that the reaction has a low heat of acti-
vation. 
2. As was pointed out above there is probably no 
resonance between the nitroso group and the benzene ring in 
nitrosomesitylene. If this is the case, nitrosomesitylene 
may behave as an aliphatic compound and aliphatic nitroso 
compounds may take part in the Bamberger reaction. A liter-
ature search uncovered only two aliphatic nitroso compounds 
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which had been subjected to the conditions of the Bamberger 
reaction.l Both of these compounds, trichloronitrosomethane 
and nitronitrosomethane have highly polar groups on the alpha 
carbon atom. Neither took part in the Bamberger reaction. 
3. Comparison of Hammett's sigma values2 indicates 
that the rate of reaction of nitrosobenzene should be be-
tween the rate of reaction of p-bromonitrosobenzene and p-ni-
trosodimethylaniline. This is not the behavior noted in 
this dissertation. This anomaly may be due to the formation 
of intermediate A as discussed above. 
4. The second order dependence on the concentration 
of nitric oxide suggests that the attacking species in the 
Bamberger reaction may be the dimer of nitric oxide. Abon-
nenc3 found that nitric oxide gas is at least 99% dissociated 
at 1200 K. The amount of dimeric gas present in the runs 
described in this report must be ~er¥ small. 
Smith and Johnston4 studied the equilibrium between 
the monomer and the dimer of nitric oxide in the liquid state 
and in krypton solution. This study was based on a compari-
son of the magnetic susceptibility of the equilibrium mix-
lNesmeyanov, A.N. and Ioffe, s.u., J. Gen. Chem., 
(U.S.S.R.), 11, 392, (1941). 
2Hammett, L.P., "Physical Organic Chemistry," Mc-
Graw-Hill Book Company, New York (1940), p. 188. 
~ibonnenc, L., Compt. rend., 208, 986, (1939) 
4smith, A.L. and Johnston, T., J. Am. Chem. Soc., 
21, 4696' ( 1952) • 
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ture with the magnetic susceptibilities of the monomer and 
dimer. They obtained equilibrium constants for the dissoci-
ation at 116, 118 and 120°K. By plotting their data on a 
log K versus 1/T curve and extrapolating one may determine 
the value of log K and thus K at any temperature. Equili-
brium constants for the dissociation of 56.48 moles/liter at 
258°K and 145.9 moles/liter at 298°K were obtained by this 
method. Assuming that the Bamberger reaction involves the 
dimer of nitric oxide the following rate equation may be 
pertinent: 
d(NO)reacted 
dt 
= 
= 
kx-(ArNO) (N0)2 
kx- (ArNO) (K (NO) 2 ) 
where K is the equilibrium constant for the dissociation of 
dimeric nitric oxide. If this is the correct rate equation, 
kx-• the rate constant can be determined from k, the pseudo 
rate constant determined by experiment, , and equilibrium 
·constant K. In this manner rate constants of 1.17 x 105 
liters per mole second at 258°K and 8.00 x 105 liters per 
0 
mole per second at 298 K were obtained. From these rate con-
stants the following values were calculated: 
a. Heat of activation 
b. Entropy of activation 
c. Frequency factor 
_.. 6.8 kcal. 
"' - 8.8 e.u. 
~ 1011 
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Since these values are all reasonable, dimeric nitric oxide 
must be considered as a probable reactant in the Bamberger 
reaction. 
The above calculation assumes that the concentration 
of dimer is not affected by varyingthe solvent from krypton 
to bromobenzene. It is believed that the order of magnitude 
of the concentration of dimer in bromobenzene is the same 
as in krypton. 
' 
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I , INTRODUCTION 
The rate of absorption of nitric oxide by solutions of 
nitrosomesitylene was measured primarily to determine whether 
the monomer or the dimer is the reacting species in the 
Bamberger reaction. Nitrosomesitylene was known to exist in 
solution as an equilibrium mixture of monomer and dimer. 1 
The nitroso-compounds studied in Part II were known to be 
almost completely dissociated in solution. 2•3 
After the first absorption run of the nitrosomesitylene 
series, it was obvious that the monomer was the reacting species 
in the Bamberger reaction. It was also evident that the latter 
part of the absorption was a measure of the rate of dissoci-
ation of the dimer. Since the rate of dissociation was such 
that it could be readily studied with our apparatus and since 
it was felt that such a study would be a significant contri-
button to chemistry, a thorough investigation of the absorp-
tion rates was carried out. It was hoped that using the rate 
data obtained from these measurements and the equilibrium data 
1 Ingold, c. K., and Piggott, H. A., J. Chem. Soc., 
125, 168, (1924). 
2Hammick, D. L., J. Chem. socl, 3105, (1931). 
3 Auwers, K., z. Physik. Cham., 32, 52 (1900). 
---
2 
of Ingold and Piggott, 1 considerable information could be 
gleaned concerning the diesocia t1on. 
1 Ingold, c, K,, and Piggott, H. A., J, Chem. Soc., 
125, 168 (1924). 
__ , ______ _ 
II • EXPERL'!ENTAL 
A. MATERIALS: 
Bromobenzene - Eastman Kodak-White Label. Freshly 
distilled; b.p. 156-157°0. 
Benzene - Thigphene free. Freshly distilled; b.p. 
80-80.5°c. 
3 
Nitric Oxide - The Matheson company. Minimum purity 
98.7%· The rest is nitrogen and higher oxides of nitrogen. 
B • SYNTHESES : 
1. Preparation of Mesitylene 1 
3( CH3 ) 2co + H2S04 --+ sym. ( CH3) 3c6H3 + 3H20 
A five liter 3 necked flask equipped with a motor-driven 
stirrer was set in a large earthenware crock. The crock was 
filled with an ice-salt mixture so that only the necks pro-
truded above the freezing mixture. A 1150 cc (16 moles) 
quantity of technical acetone was .. poured into the flask. 
The liquid was stirred while 830 ml. of concentrated sulfuric 
acid was slowly added (over a period of five hours). The 
solution which was clear and red was allowed to stand for 
two hours. The ice-bath was removed and the solution was 
allowed to stand for sixteen hours. 
1Gilman, H., and Blatt, A.H., ed., "Organic Syntheses" 
Coll. Vol. I, 2nd ed., John Wiley and sons, Inc., New York 
( 1941)' p. 341. 
4 
The apparatus was set for steam .distillation and the 
reaction flask was heated with a free flame. After about fif-
teen minutes of heating, large quantities of gas began evolving. 
After three more minutes of heating, steam distillation was 
started. Steam distillation was stopped after four minutes. 
The organic layer which separated in the steam distil-
late was washed with dilute sodium hydroxide solution and 
with water. It was dried over anhydrous calcium chloride 
and distilled. The product consisted of 86.2 grams (0.72 
moles), of liquid distilling between 160 and 167°C. This 
represents a yield of 13.5%. Organic Syntheses reports a 
yield of 13-15% for this reaction. 
2. Preparation of Nitromesitylene1 
HOAC 
Into a three-necked 500ml. flask equipped with a 
mechanically driven stirrer, was poured 25.0 grams (0.216 
moles) of mesitylene and 34.7 ml. of acetic anhydride. The 
solution was cooled to about five degrees Centigrade and a 
previously prepared and cooled solution of 13.0 ml. (0.384 
moles) of fuming nitric acid in 11.9 ml. of glacial acetic 
acid and 11.6 co. of acetic anhydride was added dropwise. 
' The cooling bath was removed and the solution was stirred for 
1Bla.tt, A.H., ed., "Organic Syntheses" Coll. Vol. II, 
John Wiley and Sons, Inc. New York (1943), p. 449. 
5 
one and a half hours. The reaction mixture was heated to 50°0. 
for ten minutes. It was then cooled and poured into 500 
grams of ice water. 
The mixture was filtered. Twenty-five grams of sodium 
chloride was dissolved in the filtrate. The filtrate was ex-
tracted with 200 ml. of commercial ether. The ether extract 
was added to the solid from the filtration. The resulting 
ether solution was washed with 10% sodium hydroxide solution. 
The ether solution was poured into a flask set for 
distillation and the ether was removed by distillation. One 
hundred milliliters of 10% sodium hydroxide solution was 
added and the mixture was subjected to steam distillation. 
On cooling the distillate, a yellow solid separated. The 
solid was dried by suction filtration and employed in the 
preparation of mesidi~e. It was not purified further. The 
solid had a melting point of 40-43°0. which compares to a 
reported value of 43-44°c. 1 
3. Preoaration of Mesidiae2 
l(i 
The nitromesitylene prepared above was dissolved in 
150 ml. of absolute ethanol. A small spatulaful of Raney 
1Blatt, A.H., ed., "Organic Syntheses" Coll. Vol. II, 
John Wiley and Sons, Inc. New York (1943), p. 449. 
2Grammaticakis,, p,, Bull. Soc. Chim. (France), 134 
(1949). 
6 
nickel catalyst was added and the mixture was shaken under 
a pressure of three atmospheres of hydrogen. Absorption 
ceased after three hJurs, 
The resulting mixture was filtered and ethanol was 
removed by distillation. The residue was cooled and poured 
into 200 ml. of water. Dilute hydrochloric acid was added 
until all liquid dissolved. The acid solution was washed 
with ether and then made basic with potassium hydroxide solu-
tion. The solution was extracted with two 75 ml. portions of 
ether. The ether extracts were poured together, dried over 
solid potassium hydroxide anc ether was re:noved by distilla-
tion, A yield of 21.93 grams (0.165 mole. i of yellow liquid, 
distilling between 69 and 72.5°C. at a pressure _of 2 mm. was 
obtained. Tnis cJrres~on~s to a yield of 76.5% from mesity-
lene. The reported boiling point of mesidii::Je under atmos-
pheric pressure is 232-3°C. 
4. Preparation of Nitrosomesitylene1 
2/!JJ 
Thirty ml. of concentrated sulfuric acid was added 
slowly and with stirring to 37.0 grams (0.162 moles) of cold 
finely powdered ammonium persulfate (Merck). Stirring and 
cooling was continued for five minutes but much of the solid 
1Ingold, C.K., and Piggott, H.A., J, Chem. Soc., 125, 
168 (1924). 
7 
remained out of solution. The suspension was poured into a 
one liter 3-necked flask containing 500 grams of chopped ice. 
A mixture made up by stirring 56 grams of powdered anhydrous 
sodium carbonate in 95 ml. of water was added with stirring. 
At this time the mixture had a pH of about 2 and a te~perature 
of 0°c. Ten grams (0.075 mole' ) of mesidine was added to the 
mixture. The mixture was stirred for 35 seconds and sodium 
carbonate solution was added until the pH became 6. A brown 
upper layer separated. Sodium carbonate solution was again 
added until the mixture became slightly basic. At this time 
the upper layer broke up and spread throughout the entire solu-
tion. After two hours, stirring was stopped. The mixture 
consisted of a cloudy aqueous lower layer and a solid orange 
upper layer. 
The mixture was filtered. The solid was stirred in 
dilute hydrochloric acid and the mixture was filtered again. 
The solid was brown. The filtrate was clear and deep brown. 
The stirring with hydrochloric acid and filtration was re-
peated four times. The resulting solid was light brown. The 
solid was stirred with a small amount of petroleum ether. 
The mixture was filtered. This process was repeated. The 
filtrates were dark brown. The solid remained light brown. 
The solid was stirred in cold absolute ethanol and fil-
tered. The filtrate was dark brown, while the solid was yellow 
8 
brown. The solid was washed with cold ethanol and filtered 
again. The solid was almost white. The solid was recrystal-
li§ed from ethanol. A slightly yellow solid was obtained. 
The solid was once more diesqlved in ethanol. This time a 
clear green solution was obtained. On cooling,a shiny white 
solid (with a tinge of green) separated. The solid weighed 
2.04 grams (0.137 mole;) and had a melting point of 121.5-
122.500. This melting point did not change on further recry-
etallization of the solid. This corresponds to a yield of 
18.2% of theoretical. Ingold and Piggott1 report a melting 
point of 122-123°0. and a yield of 30%. 
C. APPARATUS 
The apparatus employed for the absorption measurements 
:.is described in detail in part II of this dissertation. 
Rune A through G were performed in apparatus A-2 Runs 
I and L were performed in apparatus c • Runs H, J and 
K were performed in an apparatus equivalent to apparatus C 
except that the reaction vessel was attached at valve D 
of the gas transfer system instead of valve I (see Figure 
II ~t= part II of this dissertation). The height of the mer-
cury in the visible arm of the mercury mano~eter increased 
during all runs except I and L. In these two runs it decreased 
1Ingold, O.K., and Piggott, H.A., J. Chem.Soc., 125, 
168 (1924). 
9 
since the reaction vessel was attached to the opposite side 
of the manometer. 
D. DESCRIPTION OF AN ABSORPTION RUN 
The following is a brief description of a kinetic run: 
1. Nitrosomesitylene was weighed into an 8 to 12 ml. 
bulb blown from 7 mm. pyrex tubing. 
2. Five ml. of solvent was pippetted into the bulb. 
3. The bulb was immersed in a "Dry Ice"-trichloro-
ethylene bath and sealed under vacuum using a gas-oxygen 
flame. 
4. Bulbs to be used in the lower temperature runs 
were immersed in a thermostated bath at the temperature of 
the run. If no solid separated from the solution in the bulb 
within an hour, the bulb was used in the run. 
5. The bulb was fixed into an aluminum reaction ves-
sel which contained 50 ml. of the solvent in the bulb. 
6. The reaction vessel was sealed and attached to 
the shaking system. It was allowed to stand in the thermo-
stated bath regulated to ±.05°C. for 90 minutes. 
7. The system was evacuated and filled with dry nit-
rogen several times in order to remove oxygen. It was evac-
uated and filled to the desired pressure with nitric oxide. 
8. The system was shaken until five minutes after the 
manometer showed no further absorption of nitric oxide by the 
10 
system. Shaking was stopped. 
9. The bulb was broken and a reading of the height 
of the mercury column in the visible arm of the small mano-
meter was taken. 
10. Shaking was started at rate 10 as soon as possible. 
11. Readings of the height of the mercury column in 
the visible arm of' the small manometer and time were taken 
until absorption ceased. 
12. A photographic record of the variations of the 
height of the 111ercury in the enclosed arm of the small mano-
meter with time was taken during the first five to six minutes 
of the run. Figures A, B and C which are copies of three of 
the photographs obtained are included in Appendix A of this 
part of the dissertation. 
13. A manual recording was made of the height of the 
mercury in the exposed arm of the capillary manometer at various 
times throughout the run. A separate table of the values 
obtained is included in Appendix A for each run discussed in 
this portion of the dissertation. Each table also lists the 
experimental condi tiona under vrhich the run it represents 
was carried out. 
A more detailed description of the method of performing 
such runs is given in part II of this dissertation under the 
heading, "APPARATUS" (p.8) 
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III. DATA AND CALCULATIONS 
A. GENE:"'"IAL INTERPRETATION OF ABSORPTION CURVES 
The general shape of the absorption curves was assumed 
to be explained as follows: 
1. The bulb contaimd an equilibrium mixture of the 
monomer and dimer of nitrosomesitylene in solution. When the 
bulb was broken, there was a sudden drop in the pressure of 
the system because of the vacuum in the bulb. 
2. When the plunger by which the bulb had been broken 
was again fixed in position there was another slight drop in 
pressure because of the expansion of the bellows to which the 
plunger is attached, 
3. As soon as the solution from the bulb mixed with 
the solvent, which was in equilibrium with the gas above it, 
monomer removed nitric oxide from the solvent by the Bamberger 
reaction. The solution was no longer in equilibrium with 
the gas. 
4. There was a very slight but measurable absorption 
of gas by the solution before shaking was started. 
5. iihen the shaking was started, absorption of nitric 
oxide was rapid because the concentration of nitric oxide in 
solution was considerably lower than the equilibrium concen-
tration. This rapid absorption continued as long as there was 
12 
any appreciable concentration of monomer in the solution. 
6. Since the mixing of the solutions, dimer had been disso-
ciating into monomer. The dissociation was very slow and was masked 
by the much faster reaction of the monomer originally present with 
nitric oxide. 
7. When the concentration of the monomer became extremely 
low the rate of absorption of nitric oxide became dependent only 
on rate of dissociation of the dimer. As has been shown in Part 
II of this dissertation the slope of the absorption curve depends 
on the concentration of nitric oxide in solution. Run A and run 
IB (Part II p.76) were performed under similar conditions. Com-
parison of the greatest slope of the se.cond portion of the photo-
graphic curve from run F. (Figure B. Appendix A) with the slope 
of the rate of solution curve of run IB (E'igure VI, part II, p.23 
of this dissertation) indicates that the solvent is at least 88% 
saturated with nitric oxide during the portion of the reaction 
employed in the calculations below. Actually the solution is even 
closer to saturation since run IB was shaken at rate 3 while 
run F. was shaken at rate 10. 
B. CALCULATION OF RATE CONSTANTS FROM RUNS A THROUGH F 
The volume of the system varied slightly since ~ifferent 
reaction vessels were employed in different runs. All re-
action vessels were made of aluminum. The point where 
absorption ceased was taken as the end of the run. An ar-
bitrary point, far enough from the start of the run to insure 
13 
that all monomer initially present had reacted, was chosen 
as the start of the reaction being calculated. This treatment 
is valid where neither the starting materialn:orthe products 
catalyse the reaction. The fact that good first order kinetics 
are obtained by this method indicates that there is no such 
catalysis in the dissociation of the dimer of nitrosomesitylene. 
For a first order reaction: 
-de - k c (I) dt-
•de k dt (II) 
c 
integrating over the range ·c0 to c 
ln. c/cb = -k(t-tb) (III) 
k = -ln. c/c~ 
t-t6 (IV) 
c' is the concentration of dimer at the point taken as 
0 
the start of reaction and the concentration at the end of 
reaction is zero. 
The concentration at any intermediate point is 
c = ~p(c te end) x co (V) 
o p( cib to end) 
where 6p is the change in pressure of the gas above the system. 
The ratio c/c0 is 
c/c6 :AP fc to end) 
_ AP c6 to end) (VI) 
This value is called the fraction unreacted, F, and 
k = -ln F 
.!It 
14 
(VII) 
where bt is the time interval between the concentrations c& 
and c. 
converting to common logarithms 
k -
-
-
los F 
2.3 .At (VIII) 
A plot of -log F versus at should give a straight line having 
a slope of k • Figures I through VI are such plots for runs 
2.3 
A to F. Tables I through VI in Appendix B, give the data from 
which the figures were prepared. A slight error in picking the 
pressure~ where the reaction ends causes a particularly large 
error in the times determined for F = 0. 2 and F" 0 .1. For this 
reason the points on the -log F versus time graphs correapon-
ding to these values were given little weight in determining 
the shape and position of the curve. Table XII lists the 
rate constants calculated from these curves. 
C. CALCULATION OF RATE CONSTANTS FROM RUNS H THROUGH L 
In runs H through La slow absorption of nitric oxide 
continued even after sufficient nitric oxide had been absorbed 
to react with all the nitroso compound. Since this observation 
was made only in the runs carried out in benzene, it was assumed 
that benzene reacts slowly with nitric oxide. 
The volume of the reaction system used for the benzene 
runs was determined by measuring the volume of water it would 
15 
hold. A value of 363 ml. (see part II of this dissertation 
page 57) was obtained. The absorption of nitric oxide equi-
valent to complete reaction of nitrosomesitylene by the 
Bamberger reaction was determined using equation (IX). 
(Wt) (T) 
v 
(IX) 
f1J(g) = Total change in graph reading in mm. due to reaction 
of nitrosomesitylene with nitric oxide. 
Wt Weight of nitrosomesitylene in grams. 
T Temperature of the system in °K. 
V Volume of the gas in the system in ml. This value is 
obtained by subtracting the volume of solvent in the reaction 
vessel and bulb from the total volume of the system (363 ml.). 
Equation ~was derived as follows: 
p = nRT 
v 
differentiating 
dp:RT dn 
v-
since T and V are constant throughout the run. 
or AP -RT 
-v- AD 
n is the number of moles of nitric oxide reacted during the 
run or twice the number of moles of nitrosomesitylene present 
at the start of the run. The molecular weight of nitroso~ 
mesitylene is 149 so 
and 
= 2Wt 
I49 
AP= 2RTWt 
149 v 
16 
R is 0,082 where p is in atmospheres and V is in liters. Sub-
stituting this value and converting to mm. of mercury and mil-
liters we obtain: 
or AP =-836 
( ,082) T 
v 10oo 
The graph is a measure of only one arm of the manometer so: 
AP(g) = i?AP 
.t.P(g) = 418 (Wt) (T) (V) (IX) 
The point on the graph equivalent to the reaction of 
all nitrosomesitylene is determined from the reading directly 
after the breaking of the bulb and the calculated value of ~P(g). 
A correction should also be made for the difference 
between the amount of unreacted nitric oxide present in solu-
at 
tion at the start and~the end of the reaction. \then the in-
crease in volume of solution from 50 to 55 ml. and the decrease 
in pressure of nitric oxide above the solution are taken into 
account, the difference in number of moles of nitric oxide in 
at the 
solution at the start andhend of the reaction is found to be 
17 
the 
withinAexperimental error of measurement. For this reason, no 
such correction is made. 
The reaction constant in runs H through L was calculated 
by the method described for A through F. 
The slow reaction between nitric oxide and benzene is 
expected to have little effect on the rate constant calculated 
for the first portion of the reaction. The amount of such 
reaction over short periods of time is negligible. (No measur-
able reaction with benzene was observed in the ten minute 
period between saturation of the benzene solutions with nitric 
oxide and breaking of the bulb to start the desired reaction). 
By the latter part of the reaction the effect is sufficient to 
the 
cause an increase inAcalculated rate constant. The time measured 
at a given pressure reading is smaller than it should be because 
of the undesired reaction. Figures VII through XIA are plots 
of log. F vs 1/T for runs H through L. In drawing the straight 
lines in these Figures the points obtained from the initial 
portion of the reaction were given more weight than those from 
the final portion of the reaction. Tables VII through XIA in 
Appendix B list the data from which these graphs were prepared. 
The plot of -log. F versus 1/T is particularly poor for 
run L (Figure XIA). Rather than falling on a straight line 
the points describe a curve bending toward the right as -log.F 
increases. The reaction between nitric oxide and benzene 
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should cause the curve to bend to the left as -log F increases. 
Absorption of nitric oxide in this run as in all the runs in 
benzene proceeded beyond the stoichiometric amount for the 
Bamberger reaction. The anom .. lous behavior of the curve may 
be explained by the presence of a small amount of air in the 
reaction system (see the footnotes to Table XP.47part II of 
this dissertation). Assuming the rate of reaction between 
be 
nitric oxide and benzene to 4constant throughout the run, the 
last few points on the absorption curve were extrapolated 
back to the time the shaking started. The pressure at this 
point was assumed to be equivalent to the complete reaction 
of nitrosomesitylene. Table XIB Appendix B and Figure XIB 
were prepared on this basis. Since a good straight line plot 
was obtained, Figure XIB is probably more nearly correct than 
Figure XIA. Since the point in Figure XIB at -log. F ~ l.O 
is not to the left of the straight line plot the rate constant 
determined from the curve will probably be lower than the 
actual value. That is, the amount of correction employed in 
determining the pressure of nitric oxide at the point equivalent 
to complete reaction of ni trosomesi tylene was not suf'ficien t. 
The point at -log. F = l.O in Figure VII (Run H) is to 
the right of the straight line plot. The rate constant cal-
culated from this figure should also be lower than the actual 
value. 
_ -~-- -~- -,~ __ . . - ...... 1 --.-, T ·- T~~--r--. r-:~TTT~--. ~' ---,-....-,-- j .· • .1, · .... .j:_ i-' I • + •· iT r ··1
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TABLE XII 
RATE CONSTANT FOR THE DISSOCIATION OF THE 
DIMER OF NITROSOMESITYLENE IN BROMOBENZENE 
AT VARIOUS TEMPERATURES 
RUN PNOP T k k/T 1oE k/T 
mm. o OK sec-1 sec-1oK-1 Mg. 
A 600 279.1 4.35x1o-4 1.56x1o-6 -5.8069 
B 600 279.1 4.31 " 1.55 
II 
-5.8097 
>'1-c 1200 2792·chJ:=6:, 4.51 II 1.61 II -5.7932 
D 1200 288.1 14.1 " 4.9 II -5.3098 
E 1200 298 64 n 21.5 II -4.6676 
F 600 298 61 " 20.4 " -4.6904 
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1/T 
oK-1 
3.583xl0-3 
3.583x1o-3 
3.583xl0-3 
3.47lxl0-3 
3.356x1o-3 
3.356xw-3 
The thermoregulator broke down and the temperature increased 
during the run. 
RUN 
H 
I 
J 
K 
L 
TABLE XIII 
RATE CONSTANT FOR ·THE DISSOCIATION OF THE 
DIMER OF NITROSOMESITYLENE IN BENZENE 
AT VARIOUS TEMPERATURES 
PN00 T k k/t' log k/T 
mm. OK sec-1 sec- 1°K-l 
* 
1000 279.8 5.0xlo-4 l.79xlo-6* -5.7471 * 
800 279.9 6,1 II 2.18x10-6 -5.6615 
1000 279.8 6,2 II 2.22xlo-6 -5.6536 
1200 290.4 27.4 11 9.4xlo-6 -5.0269 
800 295.5 53.9 11 l8.2xlo-6* -4.7399* 
32 
1/T 
oK-1 
3.574xlo-3 
3,573 II 
3,574 II 
3,444 II 
3,383 II 
*These values are believed to be somewhat lower than the 
actual values for reasons given in the text. 
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Table XIII lists the rate constants calculated from 
Figures VII through XIm excluding XIA. Since good straight 
line plots of -log. F versus time were obtained, the dissoci-
ation of nitroso~esitylene is believed to be a first order 
reaction. It is concluded from the data in Tables XII and 
XIII that: 
(a) The rate of reaction being studied is independent 
of the pressure and therefore the concentration of nitric 
oxide and 
(b) The rate of reaction is greater in benzene than 
in bromobenzene. 
Since the rate of the reaction depends on the first 
order of the nitrosomesitylene concentration and is indepen-
dent of the nitric oxide concentration, the reaction being 
studied is assumed to be the dissociation of the dimer of 
nitrosomesitylene. 
D. CALCULATION OF THE HEAT OF ACTIVA·TION FOR THE 
DISSOCIATION OF THE DIMER OF NITROSOMESITYLENE 
The ~neat offi activation of a reaction is the slope of a 
straight line plot of log k/T versus 1/T multiplied by -2.3R 
(see part II of this dissertation page 91). Figure XII gives 
such plots prepared from the data in Tables XII and XIII. 
The six points obtained from the runs carried out in bromo-
benzene define a good straight line. The five points obtained 
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·t 
.. 
from runs carried out in benzene do not fall on a straight line~·'" 
In drawing the straight line for the dissociation in benzene 
solution very little consideration was given to the points 
obtained from runs H and L. The reasons for this are discussed 
in the previous section. 
The heats of activation calculated from these curves are 
listed in Table IV. 
TABLE XIV 
HEATS OF ACTIVATION FOR THE DISSOCIATION OF 
THE DIMER OF NITROSOMESITYLENE IN BENZENE 
AND IN BROMOBENZENE SOLUTIONS 
Solvent Slope of log k/T !Ht 
versus 1/T plot 
OK kcal 
benzene 5.1 X 103 ~ 23.2 
bromo benzene 5.43 X 103 
E, C.\LCULATION OF' THE ENTROPY OF ACTIVATION OF THE 
DISSOCIATION OF THE DIMER OF NITROSOME$ITYLENE 
24.8 
The entropy of activation of the dissociation was cal-
culated from eouation X. 
~sf, 2.JR(log kr ... log h,) 6H~ (X) 
if""" iT 
where R is the gas constant 
kr 1s the rate constant 
h is Plank's constant 
and k is Boltzman's constant 
This equation was obtained by solving equation XI for.6 s'. 
kr: kT ell.H* /RTeAS"' /R 
~ (XI) 
The values obtained are lis ted 1n Table JW. 
Solvent 
benzene 
II 
TABLE JW 
EN'TROPIES OF ACTIVATION FOR THE DISSOCIATION 
OF DIMERIC NITROSO¥~SITYLENE IN B~ZENE 
A..li!D BROMOBD!"ZENE SOLUTIONS 
Temperature 
e.u. 
,_ 10 
bromo benzene 
279.8 
290.4 
279.1 
298.0 
~9.7 
17 
15 II 
F. CALCULATION OF RATE CONST.AJ.'!TS FOR THE ASSOCIATION 
OF THE MONOMER OF NITROSOMESITYLENE 
Equilibrium constants for the dissociation of the dimer 
of nitrosomesitylene in benzene solution have been measured by 
Ingold and Piggott. 1 These constants are listed in Appendix C 
of this part of the dissertation. These equilibrium constants 
are determined by the rate constants of the two reactions: 
kl ' 2ARNO 
and 
1 Ingold, C.K., and Piggott, H.A., J, Chem. Soc., 125, 
168 ( 1924). 
" Note that the differences is ~S~ stem almost entirely 
from a difference of 1.6 kcal. per mole in dH*. The latter 
is very uncertain, however. 
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2ARNO 
by the relationship 
(XII) 
·rhe rate constant for the dissociation, k1, over the tempera-
ture range considered can be determined from Figure XII. 
Values of the rate constant calculated for the association,k2, 
at three temperatures are listed in Table XVI. 
TABLE XVI 
RATE CONSTANT FOR THE ASSOCH.TION OF THE 
MONOMER OF NITROSO~~SITYLENE IN ~ZENE SOLUTION 
Temperature K kl k2 
moles per sec.-1 liter/mole 
liter second 
1.39xlo-2* ,..- 5 .4x10-4 ~ 3.9xl0 -2 279.3 
287.7 
296.7 
3.72x1o-2* ..vl9.2x10 -4 ~ 5.2xlo-2 
6.95xlo- 2* ~67 .3xlo-4 ,....9.6xl0-2 
*Data of Ingold and Piggott. 1 
G. CALCULATION OF THE HEAT AND THE ENTROPY OF ACTIVATION 
FOR THE ASSOCIATION OF NI·TROSOMESITYLENE IN BENZENE 
SOLUTION 
Ingold and Piggott2 give a value of 13.7 k. cal. per 
mole for the heat of dissociation of nitrosomesitylene in 
168' 
1 Ingold, C.K., and Piggott, H.A., J. Chern. Soc., 125, 
(1924). 
2Ibid. 
benzene solution. A value of 40.6 e.u. was calculated for 
the dissociation from the data of Ingold and Piggott. This 
calculation is given in Appendix C of this part of the disser-
tation. Using these values and the heat and entropy of acti-
vation for the dissociation determined in the previous sections 
the following values were calculated. 
* 
.1Hassociation ~ 9.5 kcal./mole in benzene 
LI.S~ssociation ;: -30.6 kcal./mole in benzene 
E. CALCULATION OF THE FREE ENERGY OF ACTIVATION AND THE 
FREE ENERGY CHANGE FOR THE DISSOCIATION OF' DIMEt\IC 
NITROSOMESITYLENE 
The free energy of activation and the free energy of the 
reaction were calculated frow the following formulas. 
and 
~F t = - RT ln ld!h 
kT 
=-RTlnK eq. 
The values obtained are listed in Table XVII 
Solvent 
TABlE XVII 
FREE ENERGY OF ACTIVATION AND FREE ENERGY 
CHANGE FOR THE DISSOCIATION OF DIMERIC 
N!'TROSOI'/.ESITYI.ENE AT 290°K 
value 
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bromo benzene 
Property 
.6 F* 2l k.cal/mola 
benzene ""'20 k. ca 1/mo le 
benzene .6F ""2 k.cal/mole 
to 
A similar calculation leadsAa value of approximately 
18 k.cal. per mole for the free anergy of activation for the 
association of two molecules of monomer at 290°K. 
Figura XIII diagrams the thermodynamic changes which 
occur in the system investigated in this dissertation. 
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III. CONCLUSIONS 
The ahape of the pressure versus time curve for the 
absorption of nitric oxide gas by solutions of nitrosomesitylene 
appears to be a composite of two separate absorption curves: 
(a) A fast initial absorption, the rate of which in-
creases with increasing pressure of ni trio oxide above the 
solution. This is demonstrated by a comparison of Figures A 
and C in Appendix A. 
(b) A much slower final absorption, the rate of which 
is independent of the pressure of nitric oxide in the range 
studied. This is demonstrated in Table XII. 
The first portion of the absorption curve has a slope-. 
llimi:lar: ::b<? , that obtained for nitrosobenzene, which is 
1 2 
almost completely dissociated in solution. ' This is con-
sidered to be caused by the reaction of nitric oxide with the 
monomer of ni trosomesi tylene initially present in the solution. 
A corroboration of this assumption is that the percentage of 
the total absorption which is of the first type increases with 
temperature (compare Figures A and B, Appendix A). The per-
3 
centage of monomer in solution increases with temperature. 
1Hammick, D.L., J. Cham. Soc., 3105 (1931). 
2Auwers, K., z. Physik. Cham., 32, 52 (1900). 
3rngold, C.K., and Piggott, H.A., J. Chem. soc., 125, 
168 ( 1924). 
42 
The latter portion of the absorption is found to be 
equivalent to a first order reaction of nitroeomesitylene. 
Since the rata of absorption of nitric oxide is independent 
of the pressure of nitric oxide and thus the concentration of 
nitric oxide, the absorption is assumed to be a measure of the 
dissociation of the dimar. As the monomer forms from the dis-
eociation, it reacts with nitric oxide by the Bamberger reac-
tion. 
The thermodynamic and rate data determined in this dis-
sertation are listed in Tabla XVIII. 
TABLE XVIII 
SUMMARY OF THE THERl'IJODYNAMIC AND KINETIC 
DATA FOR THE SYSTEM OF NITROSOio!ESITYLENE MONOMER-
NHROSOMESITYLENE DIMER IN BENZENE AND 
BROMOBENZENE SOLUTION 
Property Value units Temperature 
OK 
(a) Dis soc ia tion of Dimer in Bromo benzene Solution 
k dies 4.4xlo-4 sec- 1 279.1 
11 14.0 
" 
11 288.1 
11 62 11 11 298.1 
LlH* 24.8 l!:.cal.per mole 
LlS' 16 e.u. 290 
c. F~ 2,1 k.cal.per mole 290 
Property Value 
(b) Dissociation of Dimer in Benzene 
k dies "'6.lxl0 -4 
II /" 27xlo-4 
II ~ 54xl0-4 
t:.H"' ~ 23.2 
t:. s t ;vlO 
.t:.H ' 13.7* 
t:.S 40.6* 
Ll.F or ~20 
Ll.F -2* 
(c) Association of Two Molecules of 
solution. 
k assoc. "'3.9xlo-2 
k assoc. ,..5. 2xlo-2 
k assoc. '-'9. 6xl0 -2 
L:l. H :t 
-9.5 
Ll. s :t ~-30.6 
Ll. F t- "'18.: 
*From data of Ingold and Piggott. 
TPe~§ data indicate that: 
units 
Solution 
sec-1 
II 
II 
k.cal/mole 
e.u. 
k,cal/mole 
e.u. 
k.cal/mole 
k.cal/mole 
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Tellperature 
OK 
279.8 
290.4 
295.5 
290 
Monomer in Benzene 
11 ters/mole sec. 279.3 
II II 287.7 
II II 296.3 
k.cal/mole 
e.u. 
k.cal/mole 290 
(1) The dissociation is faster in benzene than in bromo-
benzene and 
(2) The activated complex is closer structurally to 
the dimer than the monomer. This is concluded from the large 
negative activation entropy for the association. 
" ' 
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IV, SPECULATION 
A. THE ACTIVArED COMPLEX 
Fenimore1 has shown from x-ray diffraction studies that 
the dimer of nitrosomesitylene has the following structure: 
1::>'- "' 
',_ +/" ,.ti--N~ 
R ~~ 
The following resonance forms are doubtlessly important: 
8 A c 
Resonance between the above forms and the benzene ring 
is probably unimportant, since there is considerable steric 
hindrance in structures where a benzene ring is in the same 
plane as the rest of the molecule. This is demonstrated in 
Figure XIV which shows the relative positions of the atoms in 
a planar structure of the monomer. It is believed that the 
nitrogen bond orbitals are of the sp2 hybrid type and have 
0 .. 
angles of approximately 120.' The hindrance should be much 
greater in the dimer since both ortho methyl groups must ob-
struct the formation of the planar molecule at the same time. 
Figure XV is a rough diagram of the position of atoms in ths 
dimer. 
lFanimore, C.P., J, Am. Cham. Soc., 72, 3226 (1950). 
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FIGURE XV (continued) 
FOOTNOTES 
Bond distancBs were obtained from Ingold, C.K., "Structure 
and Mechanism in Organic Chemistry" Cornell university Press, 
Ithtca N.Y. (1953), p. 139-144. 
Bond 
C-N 
N-N 
N-0 
c-c 
c-c 
Bond Distance 
A 
1.41 
1.23 
1.22 
1.39 
1.57 
compound 
trans ¢-N=N-<f. 
II II 
CHy'I!02 
¢H 
H3C-CH3 
Van der Waals radii were obtained from Pauling, L., "'I'he 
Nature of the Chemical Bond", cornell University Press, Ithtca, 
N.Y. (1945), p. 189. 
All angles shown are 120°. The nitrogen atom is assumed 
to have sp2 bond orbitals. Ammonia has sp3 orbitals as does 
methane. By analogy the nitrogen atom in nitrosomesitylene is 
assumed to have sp2 orbitals as do the carbon atoms in ethylene. 
The bonds from which the above distances were obtained are not 
equivalent to those in the dimer. However, the actual bond dis-
tances would certainly show considerable steric hindrance. 
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Since the entropy of activation for the dissociation 
"" (AS ::10 e.u. in benzene) is much less than the entropy of 
dissociation (6S ::40.6 e.u. in benzene) the activated complex 
must be structurally similar to the dimer. Before the dimer 
can dissociate it is necessary that the N-N bond be weakened. 
This may be achieved by the rotation of the system around the 
N-N bond which eliminates its double bond character and allows 
a greater separation of the N atoms. Rotation allows only the 
structures B or C. There can be no resonance between struc-
tures B and C since the planar intermediate A is required for 
the type of resonance. It is considered likely that the non 
planar structure is actually the activated complex. If this 
is true the activation energy is equivalent to the resonance 
energy of the planar form. Pauling1 gives a value of 24 k cal 
per mole for the resonance energy of esters. 
R .J' 
-c 
'Oet 
and a value of 21 k cal per mole for the resonance energy of 
amides; 
A resonance energy of 23.2 k cal for the dimer of nitroso-
mesitylene is noij iJ!probable. Structure B and C for the dimer 
lPau ling, L., "·The Nature of the Chemica 1 Bond," 
Cornell university Press, Ithaca, N.Y. (1945), p. 138. 
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are similar to the resonance structures of the amide group. 
Structure A which has two adjacent positive charges may not 
contribute greatly to the resonance energy of the molecule. 
The decomposition of the dimer of nitrosomesitylene 
appears to be more rapid in benzene than in bromobenzene. 
This indicates that the dimer is stabilized to a greater extent 
by the more polar solvent than is the activated comulex. The 
observation that the entropy of activation of the dissociation 
appears to be greater in bromobenzene than in benzene agrees 
with this conclusion. It is reasonable that a non rotating 
structure should form stronger associates with solvents (i.e. 
be more completely solvated) than a rotating structure. 
Other structures considered as the activated complex 
were 
( 1) 
( 2) 
a dipole associate of two monomers and 
,..o, 
AR.-N N-AR 
'o" 
The dipole associate should be stabilized relative to two 
monomer molecules and therefore should have a smaller heat 
content. ·rhe actual activated complex has a greater heat con-
tent than two molecules of monomer. In structure (2) atoms 
are fixed in their positions to at least the same extent as 
they are in the d.imer. The appreciable activation entropy 
of the dissociation eliminates structure (2) as the activated 
complex. 
B. EFFECT OF STRUCTURE ON THE EQUILIBRIUM CONSTANT OF 
THE DISSOCIATION OF NITROSO DIMERS. 
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The equilibrium constant for any system is determined by 
the free energy change involved. 
A F = -RTln K"' AH - T S 
The free energy change for the dissociation of the dimer of nitroso-
mesitylene is very small compared to the heat of dissociation and 
the entropy of dissociation. Variations in structure which cause 
relatively small changes in either the heat or entropy of the dis-
sociation will greatly affect the free energy of dissociation and 
thus the equilibrium constant. 
In the case of n.i trosomesi tylene there can be little resonance 
between the phenyl group and the nitroso group because of hindrance 
to planarity ( see Figure XIV ). Such resonance must be important 
in non ortho substituted aromatic nitroso compounds. There can 
be little resonance between the nitrogen atoms of any nitroso 
dimer and the benzene rings ( see Figure XV ) • Fenimore1 • shows 
explicitly that the dimer of 2,4,6,tribromonitrosomesitylene is 
not coplanar (the angle between a;. phenyl plane and a NO bond is 
0 
about 72 ) and indicates that this is probably also the case in 
the nitrosomesitylene dimer. If the methyl groups in Figure XV 
are replaced by hydrogen atoms and differences in bond distances 
and van derWirai1'il nsliL'aM ~Ul~"t~lrJ~<a~il&n·ihl'D­
drance to coplanarity is still indicated. 
Since the monomers of non ortho substituted aromatic nitroso 
compounds lose important resonance stabilization1 -- . ·· 
. '"' . ' 
1 Fenimore, c.P., J. Am. Chem. Soc., J2,3~3~, (1950) 
which is not applicable to di ortho substituted aromatic 
compounds, in dime:t' formation; dimers of compounds liRe 
nitrosomesitylene are stabilized relative to their monomers 
to a greater extent than are dimers of compounds like nitroso-
benzene. 
Table XIX lists the percent dimer present in benzene 
solutions or various aromatic nitroso compounds. 
Aliphatic nitroso compounds are generally more associated 
than aromatic ones. Phenylnitrosomethane is stable in solu-
tion where the mon<)mer would quickly shift to the oxime •1 
Nitroso-t-butane is colorless in cold solutions2 while nitroso-
benzene and p-bromo-nitrosobenzene are almost completely dis-
sociated in cold benzene.3'4 The greater stability of the 
dimers of aliphatic nitroso compounds is to be expected since 
' 
the difference in J~esonance stabilization between the monomers 
and the dimers of these compounds should be· similar to that 
for nitrosomesitylene. 
A review of the literature leads to the conclusion that 
aliphatic nitroso c:ompounds are much more strongly associated 
than are alpha halogenated aliphatic ni troso compounds. J:<'or 
1Degering, E.f''., Bordenca, C., and_ Gwynn, B.H., "An 
Outline of Organic Nitrogen Compounds, 11 John Swift Co., Inc. 
Cincinnati, Ohio (1942), p. 40 and P• 63. 
2Ibid. 
3Hammick, D.L., J. Chern. Soc., 3105 (1931). 
4A K "' uwers, . , t:.. Physik. Chern.,~. 52 (1900). 
TABLE XIX 
PERCENT ASSOCIATION OF VA..qiOUS NirROSO COl·1POUNDS 
IN FREEZING BENZENE MEASURED BY HAMl'!ICKl 
compound Percent Association* 
2.2% 
30.9% 
NO 
0 4.2% 
52 a 
Cll3 ~ CH3 77. 3% 
*These valu~s are for solutions containing one gram molecular 
weight of solid per hundred grams of solvent. 
1 Hammick, D.L., J, Chem. Soc., 3105 (1931), 
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example oe:-methyl-~-bromo-~- nitrosotoluane and methylchloro-
nitrosomethane are blue even in the crystalline state. 1 This 
may at least in part be due to the necessity of pulling elec-
trona away from the nitrogen atom to form the dimer. In the 
dimer each nitrogen atom has a partial positive charge while 
the oxygen atoms have partial negative charges. For this 
reason, the contribution of the resonance forms of the dimer 
may be reduced by electronegative groups on the alpha carbon 
atom and the heat of association may thus be increased. 
C. EXTENSIONS OF' THIS INVESTIGATION 
Prel1minar•y experiments indicate that the techniques 
employed in part III of this dissertation can be employed to 
study the system: 
OH 
0 
NO 
The techniques should be applicable to many similar systems. 
lnegering, E.F., Bordenca, c., and Gwynn, B.H., "An 
Outline of Organic Nitrogen Compounds," John Swift co., Inc. 
Cincinnati, Ohio (1942), p. 40 and p. 63. 
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RUN A 
Nitrosomesitylene weight - 0.2193 grams. 
Pressure of nitric oxide at start of reaction - 600 mm of Mercury 
volume of bromobenzene in bulb - 5.0 ml. 
volume of bromobenzene in the bomb - 50.0 ml. 
Temperature - 279.1°A 
Data obtained during the run. 
Time Reading 
Minutes om. 
o. 
0.12 
0.30 
0.50 
0.75 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
17.2 
18.0 
18.5 
18.5 
18.5 
18.5 
18.75 
18.90 
19.10 
19.30 
19.40 
19.5!5 
19.70 
19.80 
Time 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
Reading 
19.90 
20.00 
20.25 
20.40 
20.50 
20.60 
20.75 
20.85 
20.95 
21.05 
21.15 
21.30 
21.35 
21.50 
Time 
24.00 
25.00 
26.00 
27 .oo 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
Reading 
21.60 
21.70 
21.80 
21.85 
21.95 
22.05 
22.15 
22.25 
22.30 
22.40 
22.45 
22.50 
22.60 
22.70 
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RUN A (continued) 
Time Reading Time Reading Time Reading 
38.00 22.75 61 23.85 90 24.60 
39.00 22.80 62 23.90 91 24.65 
40 22.85 63 23.90 92 24.65 
41 22.90 64 24.00 93 24.70 
42 23.00 65 24.00 96 24.75 
43 23.05 66 24.05 97 24.75 
44 23.10 67 24.05 98 24.75 
45 23.:::·0 68 24.10 99 24.80 
47 23. ;.o 69 24.10 100 24.80 
48 23.:•5 70 24.15 103 24.85 
49 23.40 75 24.30 104 24.85 
50 23.40 76 24.30 105 24.85 
51 23.50 77 24.40 110 24.90 
52 23. ~;o 78 24.40 120 25.00 
53 23. :>5 79 24.40 125 25.05 
54 23.60 80 24.45 130 25.10 
55 23.60 83 24.50 135 25.10 
56 23.70 85 24.55 140 25.15 
57 23.'i'O 86 24.57 150 25.25 
58 23.75 87 24.60 160 25.25 
59 23.80 88 24.60 172 25.30 
60 23.80 89 24.60 180 25.30 
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RUN B 
Nitrosomesitylene weight - 0.2229 grams. 
Pressure of n i trio oxide at start of reaction - 600 mm of mercury 
Volume of bromo benzene in bulb - 5.08 ml. 
Volume of bromobe'n zene in bomb - 50.0 ml. 
Temperature 
- 279.1°A 
Time Reading Time Reading Time Reading 
minutes em. 
o.oo- 17.2 12.00 20.30 30.00 22.30 
o.oo 17.7 13.00 20.45 31.00 22.40 
0.25 18.4 14.00 20.60 32.00 22.50 
0.42 18.45 15.00 20.70 33.00 22.60 
0.75 18.50 17 .oo 21.00 34.00 22.65 
1.00 18.60 18.00 21.10 35.00 22.75 
1.50 18.65 19.00 21.25 36.00 22.80 
2.00 18.70 20.00 21.35 37 .oo 22.90 
3.00 18.90 21.00 21.40 38.00 23.00 
4.00 19.05 22.00 21.55 39.00 23.05 
5.00 19.}0 23.00 21.65 40.00 23.10 
6.00 19.45 24.00 21.75 41.00 23.20 
7.00 19.55 25.00 21.80 42.00 23.20 
8.00 19.70 26.00 21.90 43.00 23.25 
9.00 19.85 27.00 22.05 44.00 23.35 
10.00 20.05 28.00 22.10 45.00 23.40 
11.00 20.20 29.00 22.20 46.00 23.40 
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RUN B (continued) 
Time Reading Time Reading Time Reading 
47 .oo 23.50 68.00 24.35 89 24.82 
48.00 23.55 69.00 24.35 90 24.82 
49.00 23.60 70.00 24.40 91 24.85 
50.00 23.65 71.00 24.45 92 24.88 
51.00 23.70 72.00 24.45 93 24.90 
52.00 23.75 73.00 24.45 94 24.98 
53.00 23.80 74.00 24.48 95 25.00 
54.00 23.80 75.00 24.50 96 25.00 
55.00 23.90 76.00 24.55 97 25.00 
56.00 23.90 77.00 24.55 100 25.05 
57.00 23.95 78.00 24.60 105 25.10 
58.00 24.00 79.00 24.60 110 25.15 
59.00 24.00 80.00 24.70 117 25.20 
60.00 24.05 81.00 24.70 122 25.25 
61.00 24.10 82.00 24.70 144 25.30 
62.00 24.10 83.00 24.70 157 25.35 
63.00 24.15 84.00 24.75 178 25.50 
64.00 24.20 85.00 Z4.75 200 25.55 
65.00 2~.25 86.00 24.78 235 25.60 
66.00 24.30 87.00 24.80 253 25.60 
67.00 24.30 88.00 24.80 279 25.60 
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RUN C 
Nitrosomes1tylene wei~ht - 0.2232 grams 
Pressure of nitric oxide at start of reaction - 1200 mm. 
Volume of bromobenzene in bulb - 5.0 ml. 
Volume of bromobenzene in bomb - 50.0 ml. 
Temperature - 279.1 to 280°A (Th.ermoregulator broke down and 
temperature increased.( during the run.) 
Time 
minutes 
0 
2.5 
4.0 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37-5 
42.5 
47.5 
52.5 
57-5 
62.5 
67.5 
Rea cling 
Cillo 
16.35 
16.60 
16.80 
l'j'. 90 
18.40 
19.00 
19.40 
19.80 
20.10 
20.40 
20.70 
20.90 
21.10 
21.25 
21.40 
Time 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
102.5 
107.5 
112.5 
117.5 
122.5 
127.5 
132.5 
137.5 
142.5 
147.5 
Reading 
21.50 
21.60 
21.70 
21.80 
21.90 
22.00 
22.15 
22.20 
22.20 
22.30 
22.35 
22.40 
22.40 
22.40 
22.40 
22.40 
Time Reading 
152.5 22.40 
157.5 22.40 
167.5 22.40 
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RUN D 
N1trosomesitylener weight - .2265 grams 
Pressure of nitric oxide at start - 1200 mm. 
Volume of bromo bern zene 1n bulb - 5.2 ml. 
Volume of bromo bem zen e 1n bomb - 50 ml. 
Temperature 288.1°A 
Time Reading Time Reading Time Reading 
minutes em. 
o.oo- 17.15 7.50 22.18 17.50 24.08 
o.oo 17.80 7.75 22.25 18.00 24.15 
0.25 18. 9~5 8.00 22.35 19.00 24.25 
0.50 19.15 8.25 22.40 20.00 24.35 
0.75 19.32 8.30 22.45 21.00 24.45 
1.00 19.47 8.75 22.50 22.00 24.57 
1.25 19.60 9.00 22.58 23.00 24.62 
1.50 19170 9.25 22.65 24.00 24.72 
1.75 19.85 9.50 22.72 25.00 24.78 
2.00 19.95 9.75 22.78 26.00 24.87 
2.25 20.10 10.00 22.82 27.00 24.90 
2.50 20.20 10.25 22.87 28.00 24.95 
2.75 20.33 10.50 22.90 29.00 25.00 
3.00 20.413 10.75 23.00 30.00 25.05 
3.25 20.60 11.00 23.05 31.00 25.10 
3.50 20.70 11.25 23.10 32.00 25.15 
3.75 20.80 11.50 23.15 33.00 25.20 
4.00 20.90 11.75 23.20 35.00 25.22 
4.25 21.00 12.00 23.25 36.00 25.27 
4.50 21.10 12.25 23.30 37 .oo 25.30 
4.75 21.20 12.50 23.35 38.00 25.32 
5.00 21.30 12.75 23.38 39.00 25.32 
5.25 21.40 13.00 23.43 40.00 25.35 
5.55 21.50 13.50 23.52 42.00 25.40 
5.75 21.60 14.00 23.60 44.00 25.45 
6.00 21.70 14.50 23.68 46.00 25.50 
6.25 21.78 15.00 23.75 48.00 25.50 
6.50 21.85 15.50 23.80 50.00 25.50 
6.75 21.93 16.00 23.88 56.00 25.51 
7.00 22.00 16.30 23.95 65.00 25.58 
7.25 22.08 17 .oo 24.00 71.00 25.58 
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RUNE 
Nitrosomesitylene' weight - 0.2097 
Pressure of nitr1.c oxide at start - 1200 mm 
volume of bromo benzene in bulb - 5.0 ml. 
volume of bromobemzene in bomb - 50.0 ml. 
Temperature - 298° 
Time Reading Time Reading Time Reading 
minutes c1m. 
o.oo 14.70 5.00 22.35 10 .oo 23.20 
0.50 18.00 5.50 22.50 10.50 23.20 
1.00 19.00 6.00 22.60 11.00 23.22 
1.50 19.70 6.50 22.75 11.50 23.23 
2.00 20.35 7.00 22.85 12.00 23.27 
2.50 20.90 7.50 22.90 12.50 23.27 
3.00 21.30 8.00 23.00 13.00 23.27 
3.50 21.65 8.50 23.10 13.50 23.27 
4.00 21.90 9.00 23.15 14.00 23.27 
4.50 22.15 9.50 23.20 14.50 23.28 
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RUN F 
Nitrosomesitylene weight - 0.2214 i!rams 
Pressure of nitric oxiae at start - 600 mm. 
Volume of bromo bell zen e in bulb - 5.05 ml. 
Volume of bromo benzene in bomb - 50.0 ml. 
Temperature - 2~8°A 
Time Reading Time Reading Time Reading 
minutes em. 
o.oo- 17.15 2.33 23.25 9.00 25.80 
o.oo 18.10 2.50 23.45 9.50 25.80 
0.17 19.50 2.67 23.60 10.00 25.80 
0.33 20.30 3.00 23.90 11.00 25.90 
0.50 20.60 3.50 24.30 12.00 25.90 
0.67 20.90 4.00 24.50 1}.00 25.95 
0.84 21.20 4.50 24.75 14.00 26.00 
1.00 21.50 s.oo 25.00 15.00 26.00 
1.17 21.80 5.50 25.15 16.00 26.00 
1.33 22.00 6.00 25.30 17 .oo 26.00 
1.50 22.30 6.50 25.40 18.00 26.00 
1.67 22.55 7.00 25.50 21.00 26.00 
1.84 2~.80 7 .so 25.60 24.00 26.00 
2.00 22.95 8.00 25.65 32.00 26.03 
2.17 23.10 8.50 25.70 50.00 26.05 
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RUNG* 
Nitrosomesitylene weight - .2206 grams. 
Pressure of nitric oxide at start - 1200 mm. 
Volume of bromo benzene in bulb - 5.03 
volume of bromo benzene in bomb - 50.0 
Temperature - 298°A 
Time Reacing Time Rea <ling Time Reao1ng 
minutes Cllllo 
. 0.00- 17.15 3-33 24.00 6.83 25.30 
o.oo 18.00 3.50 24.13 7.00 25.32 
0.17 20.00 3.67 24.20 7.25 25.35 
0.33 20.50 3.83 24.30 7.67 25.42 
0.50 20.80 4.00 24.40 7.92 25.50 
0.67 21.10 4.17 24.50 8.00 25.50 
0.83 21.30 4.33 24.58 8.25 25.48 
1.00 21.60 4.50 24.63 8.50 25.55 
1.17 21.85 4.67 24.70 9.00 25.60 
1.33 22.00 4.83 24.73 9.50 25.65 
1.50 22.30 5.00 24.80 10.00 25.70 
1.67 22.50 5.17 24.85 11.00 25.77 
1.83 22.70 5-33 24.92 12.00 25.80 
2.00 22.90 5.50 25.00 13.00 25.85 
2.17 23.10 5.67 25.03 14.00 25.88 
2.33 23.25 5.83 25.08 15.00 25.90 
2.50 23.40 6.00 25.13 17.00 25.90 
2.67 23.50 6.17 25.17 20.00 25.92 
2.89 23.65 6.33 25.20 25.00 25.98 
3.00 23.80 6.50 25.25 30.00 26.00 
3.17 23.95 6.67 25.30 37.00 26.00 
90.00 26.02 
*A slight leak oeveloped curing this run. This run was not 
used in calculating kinetic data. 
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RUN H 
Nitrosomesitylena weight 
- 0.1303 grams. 
Pressure of nitric oxide at start of reaction - 1000 mm. 
Volume of ben zene1 in bulb - 5.0 ml. 
Volume of benzene in bomb - 50.0 ml. 
Temperature 279.Ei 0 A 
Time Reading Time Reading Time Reading 
minutes em. 
o.oo- 15.90 17 .oo 19.25 65.00 21.20 
o.oo 17 .oo 18.00 19.33 69.00 21.28 
1.00 17.40 19.00 19.42 73.00 21.37 
2.00 17.60 21.00 19.52 79.00 21.40 
3.00 17.72 23.00 19.70 84.00 21.47 
4.00 17 .8~! 25.00 19.80 89.00 21.52 
5.00 17.98 27.00 19.90 94.00 21.58 
6.00 18.10 29.00 20.05 103.00 21.63 
7.00 18.25 32.00 20.20 110.00 21.68 
8.00 18.38 34.00 20.27 117.00 21.72 
9.00 18.48 36.00 20.35 132.00 21.75 
10.00 18.60 39.00 20.48 148.00 21.80 
11.00 18.68 42.00 20.62 179.00 21.90 
12.00 18.77 45.00 20.68 199.00 22.08 
13.00 18.88 48.00 20.78 251.00 22.20 
14.00 18.95 52.00 20.92 273.00 22.28 
15.00 19.05 55.00 21.00 290.00 22.30 
U5.oo 19.12 61.00 21.17 301.00 22.30 
323.00 22.32 
1140 .oo 23.80 
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RUN I 
Nitrosomesitylene we1Eht - 0,1953 grams. 
Pressure of nitric oxide at start of reaction - 800 mm. 
Volume of benzene in bulb - 5.0 ml. 
volume of benzene in bomb - 50.0 ml. 
Temperature 
- 279.9°K 
Time Reading Time Reading Time Reading 
minutes em, 
o.oo- 13.20 18,00 8.38 35.00 6.82 
0,00 12.30 19.00 8.25 ' 36 .oo 6.72 
1.00 11.30 20.00 8.10 37,00 6.68 
2,00 11.10 21.00 8.00 39.00 6.62 
3.00 10.89 22.00 7.88 40.00 6.48 
4.00 10.68 23.00 7.78 42.00 6.35 
5.00 10.42 24.00 7.78 44.00 6.25 
6.00 10.25 25.00 7.60 46.00 6.15 
7.00 10.10 26.00 7.50 48.00 6,08 
8,00 9.90 27.00 7.40 50.00 6.00 
10,00 9 .5.5 28.00 7.30 52.00 5.90 
11.00 9.40 29.00 7.22 54.00 5.85 
12.00 9.25 30.00 7.15 56.00 5.75 
13.00 9.0i3 31.00 7.08 58.00 5.68 
14.00 8.90 32.00 7.02 61.00 5.60 
15.00 8.75 33.00 6.95 64.00 5.52 
17.00 8.50 34.00 6.88 67.00 5.45 
I 
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RUN I (continued) 
Time Reading 
70.00 5.38 
74.00 5.30 
78.00 5.22 
82.00 5.20 
86.00 5.12 
90.00 5.10 
94.00 5.05 
98.00 5.02 
102.00 5.00 
105.00 4.98 
110.00 4.95 
139.00 4.85 
210.00 4.65 
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RUN J 
Nitrosomesitylene weight - 0.2416 grams 
Pressure of nitric oxide at start of reaction - 1000 mm. 
Volume of benzene in bulb - 5.0 ml. 
volume of benzene in bomb - 50 ml. 
Temperature 279.8°A 
Time Reading Time Reading Time Reading 
minutes em. 
o.oo- 16.40 14.00 21.60 28.00 23.78 
o.oo 17 .so 15.00 21.75 29.00 23.88 
1.00 16.62 16.00 21.90 30.00 23.92 
2.00 18.88 17 .oo 21.12 31.00 24.10 
3.00 19.20 18.00 22.30 32.00 24.22 
4.00 19.50 19.00 22.48 33.00 24.32 
5.00 19.75 20.00 22.68 34.00 24.40 
6.00 20.00 22.00 23.00 35.00 24.50 
7.00 20.22 23.00 23.13 36.00 24.58 
8.00 20.48 24.00 23.28 37 .oo 24.68 
9.00 20.70 25.00 23.40 39.00 24.85 
10.00 20.88 26.00 23.55 41.00 25.00 
12.00 21.20 27 .oo 23.62 43.00 25.13 
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RUN J (continued) 
Time Reading Time Reading Time Reading 
45.00 25.30 62.00 26.18 97.00 27,02 
47.00 25.4~! 66.00 26.30 102.00 27.10 
49.00 25.50 69.00 26.38 109.00 27.10 
51.00 25.60 73.00 26.50 117 .oo 27.15 
53.00 25.n 77.00 26.60 126.00 27.27 
55.00 25.85, 81.00 26.65 139.00 27.45 
57.00 25.92 87.00 26.83 150.00 27.45 
59.00 26.02 91.00 26.92 175.00 27.48 
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RUN K 
Nitrosomesitylene weight - 0,2017 8rams 
Pressure of nitric oxide at start of reaction - 1200 mm, 
volume of benzene in bulb - 4.35 ml, 
Volume of benzene in bomb - 50.0 ml. 
Temperature - 290,4 
Time Reading Time Reading Time Reading 
minutes em, 
0,00- 16.60 10.00 23.52 24.00 25.12 
o.oo 17.10 11,00 23.73 25.00 25.18 
1.00 19.10 12.00 23.92 26.00 25.20 
2.00 19.88 13.00 24.15 27.00 25.28 
2.50 20.28 14.00 24.30 28.00 25.28 
3.00 20.65 15,00 24.42 29.00 25.28 
3.50 20.95 16.00 24.52 33.00 25.38 
4.00 21.25 17.00 24.65 37.00 25.45 
4.50 21.55 18.00 24.72 41.00 25.60 
5.00 21.80 19.00 24.82 51.00 25.60 
6.00 22.30 20.00 24.90 60.00 25.70 
7.00 22.63 21.00 24.98 72.00 25.80 
8.00 22.98 22.00 25.00 92,00 26,00 
9.00 23.28 23.00 25.05 
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RUN L 
Nitrosomesitylene weight - 0. 2186 grams. 
Pressure of n i tricl oxide at start of reaction 
- 800 =· 
Volume of benzene in bulb - 5.0 ml. 
Volume of benzene in bomb - 50 .o ml. 
0 Temperature 205.5 K 
Time Reading Time Reading Time Reading 
minutes em. 
0,00- 13.20 5.00 5.30 13.00 4.00 
o.oo 12.30 5.50 5.10 14.00 3.95 
0.50 9.98 6.00 4.90 15.00 3.90 
l.OO 8.98 6.50 4.78 16.00 3.90 
1.50 8.18 7.00 4.65 17.00 3.88 
2.00 7.50 7.50 4.55 18.00 3.82 
2.50 7.02 8,00 4.45 28,00 3.72 
3.00 6.55 9,00 4.32 37.00 3.70 
3.50 6.10 10.00 4.20 52,00 3.60 
4.00 5.80 11.00 4.10 62.00 3.55 
4.30 5.55 12.00 4.02 
APPENDIX B 
TABLES FHOI'i WHICH PLOTS OF LOG. FRACTION 
UNREACTED VERSUS TIME WERE PREPARED 
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TABLE I 
CALCULATION OF LOG F AT VARIOUS TIMES. RUN A 
Fraction Reading Time T LOgF 
unreacted em. minutes minutes 
1.00 20.31 12.3 0 0 
0.90 20.81 16.5 4.2 -.04576 
0.80 2;[,.31 21.0 8.7 -.09691 
0.70 21.81 26.0 13.7 -.15490 
0.60 22.31 32.2 19.9 -.22185 
0.50 22.81 39.2 26.9 -.30103 
0.40 23.31 47.0 34.7 -.39794 
0.30 23.81 59.1 46.8 -.52288 
0.20 24.31 75.0 62.7 -.69897 
0.10 24.81 100.0 78.6 -1.0000 
o.oo 25.31 
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TABLE II 
CALCULATION OF LOG F AT VARIOUS TIMES. RUN B 
Fraction Reading Time T Log F 
Unreacted em. minutes minutes 
1.00 20.60 14.00 0 0 
0.90 21.10 18.00 4.00 -.04576 
0.80 21.60 22.60 8.60 -.09691 
0.70 2:2.10 28.00 14.00 -.15490 
0.60 22.60 33.20 19.20 -.22185 
0.50 23.10 40.00 26.00 -.30103 
0.40 23.60 49.00 35.00 -.39794 
0.30 22r.l0 61.00 47.00 -.52288 
0.20 24.60 78.00 64.00 -.69897 
0.10 2;i.10 105.00 91.00 -1.0000 
o.oo 25.60 
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TABLE III 
CALCULATION OF LOG F AT VARIOUS TIMES. RUN C 
Fraction Reading Time T Log F. 
Unreacted C!llo minutes minutes 
1.00 17.40 8.4 0 
0.90 17.90 12.5 4.1 -.04576 
0.80 18.40 17.5 9.1 -.09691 
0.70 18.90 22.5 14.1 -.15490 
0.60 19.40 27.5 19.1 -.22185 
0.50 19.90 34.3 25.9 -.30103 
0.40 20.40 42.5 34.1 -.39794 
0.30 20.90 52.5 44.1 -.52288 
0.20 21.40 67.5 59.1 -.69897 
0.10 21.90 92.5 84.1 -1.0000 
o.oo 22.40 
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TABLE IV 
CALCULATION OF LOG F AT VARIOUS TIME:S, RUN D 
Fraction Reading Time T LogF 
unrea.cted em. :ninutes minutes 
1.00 20.60 3.28 0 
0,90 21.10 4.50 1.22 -.04576 
0.80 21.60 5.75 2.47 -.09691 
0.70 22.10 7.30 4.02 -.15490 
0.60 22.60 9.10 5.82 -.22185 
0.50 23.10 11.25 7.97 -.30103 
0.40 23.60 14.00 10.72 -.39794 
0.30 24.10 17.60 14.32 -.52288 
0.20 24.60 22.60 19.32 -.69897 
0,10 25.10 31.00 27.72 -1.0000 
0,00 25.60 
' . 
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TABLE V 
CALCULATION OF LOG F AT VARIOUS TIMES, RUN E 
Fraction Reading Time T LogF 
Unreacted em. minutes minutes 
1.00 20.28 1.95 0 
0.90 20.58 2.20 .25 -.04576 
0.80 20.88 2.50 .55 -.09691 
0.70 21.18 2.85 .90 -.15490 
0.60 21.48 3.28 1.33 -. 22185 
0.50 21.713 3.77 1.82 -.30103 
0.40 22.013 4.35 2.40 -.39794 
0.30 22.38 5.10 3.15 -.52288 
0.20 22.68 6.15 4.20 -.69897 
0.10 22.98 7.85 5.90 -1.0000 
o.oo 23.28 
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TABLE VI 
CALCULATION OF LOG F AT VARIOUS TIMES, RUN F 
Fraction Reading Time T LOgF 
Unreacted em. minutes minutes 
1,00 21.05 0.733 0 
0.90 21.55 1.027 0.294 -.4576 
0,80 22,05 1,340 0,607 -.09691 
0,70 22.55 1.733 1.000 -.15490 
0,60 23.05 2.133 1.400 -.22185 
0.50 23.55 2,620 1.887 -.30103 
0.40 24.05 3.187 2.454 -.39794 
0.30 2485 4.100 3.367 -.53288 
0.20 25.0!5 5.133 4.400 -.69897 
0.10 25. 5!i 7.267 6.534 -1.0000 
0,00 26 .0~) 
. -
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TABLE VII 
CALCULATION OF LOG. FAT VARIOUS TIMES. RUN H. 
l!.P :418 (wt) (T) 
Vg 
= 
(418) (.1303) (279.8)~ 48.8 mm of graph 
308 
End of reaction = 17,00 + 4.88 :. 21.88 em. 
Fraction Reading Time T Log F 
Unreacted em. minutes minutes 
1.00 17.60 2.0 0 
0.90 18. ::>28 5.5 3.5 -.04576 
0.80 18.456 8.8 6.8 -.09691 
0.70 18,884 13.2 11.2 -.15490 
0,60 19.312 17.8 15.8 -.22185 
0.50 19.740 24.0 22.0 -.30103 
0.40 20.168 31.5 29.5 -. 39794 
0.30 20 • .596 43.0 41.0 -.52288 
0.20 21.024 56.3 54.3 -.69897 
0.10 21.452 84.0 82.0 -1;..oooo 
o.oo 21.88 
TABLE VIII 
CALCULATION OF LOG F AT VARIOUS TIMES. RUN I. 
11? = 418 (wt} (T)- 418 
vre 
(0.1953) (279.9) _ 73 •4 mm 
308 
End of reaction= 12.30 - 7 .34= 4.96 em. 
Fraction Read:lng Time T Log F 
Unreacted om. minutes minutes 
1.00 10.96 2.5 
0.90 10.36 5.6 3.1 -.04576 
0.80 9.76 8.7 6.2 -.09691 
0.70 9.l6 12.4 9.9 -.15490 
0.60 8.56 16.8 14.3 -.22185 
0.50 7.96 21.3 18.8 -.30103 
0.40 7. ;16 27.7 25.2 -.39794 
0.30 6.76 36.0 33.5 -.52288 
0.20 6.16 46.5 44.0 -.69897 
0.10 5.56 63.0 60.5 -1.0000 
o.oo 4.96 
82 
83 
TABLE IX 
CALCULATION OF LOG F AT VARIOUS TIMES. RUN J 
6P - 418 
(wt) (11 = (418) (0.2416) (279.8) = 90.3 mm. 
Vg 308 
End of reaction-=1/'.80+9.03= 26.83 
Fraction Reading Time T LogF 
unreacted em. minutes minutes 
1.00 19.20 4.0 0 
0.90 19.963 6.9 2.9 -.04576 
0.80 20.726 10.1 6.1 -.09691 
0.70 21.489 14.3 10.3 -.15490 
0.60 22.252 18.7 14.7 -. 22185 
0.50 23.015 23.1 19.1 -.30103 
0.40 23.778 29.0 25.0 -.39794 
0.30 24.541 35-5 31.5 -.52288 
0.20 2:i.304 46.5 42.5 -.69897 
0.10 26.067 61.0 57.0 -1.0000 
o.oo 26.83 
.. 
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TABLE X 
CALCULATION OF LOG F AT VARIOUS ·TL'-'..ES. RUN K. 
4::J=418 ~wt) ~T) = 418 {0.2017) ~290 .4) = 78.3 
Vg 308 
End of Reaction=17 .00+7 .83-= 24.83 
Fraction Reading rime T Log F 
Unreacted em. minutes minutes 
1.00 19.83 1.9 0 
0.90 20.33 2.6 0.7 -.04576 
0.80 20.83 3.3 1.4 -.09691 
0.70 21.33 4.15 2.25 -.15490 
0.60 21 • .33 5.05 3.15 -. 22185 
0.50 22.33 6. 20 4.30 -.30103 
0.40 22.83 7.70 5.80 -.39794 
0.30 23.:33 9.40 7.50 -.52288 
0.20 23.83 11.60 9.70 -.69897 
0.10 24.:33 14.40 12.50 -1.0000 
o.oo 24.83 
rABLE XI A 
CALCULATION OF LOG. FAT VARIOUS TIMES, RUN L(A) 
t.p = 418 (wt) (r) 
Vg = 
End of Reaction"' 12.30 
Fraction Reading 
Unreacted em 
1.00 7.60 
0,90 7.20 
0.80 6.80 
0,70 6.40 
0.60 6,00 
0.50 5.60 
0.40 5.20 
0.30 4.80 
0.20 4.40 
0,10 4.00 
o.oo 3.60 
(418) (0.2186) (295.5) ~ 87 0 308 ' ~m. 
- 8.70 "" 3.60 em 
Time T LogF 
11in utes minutes 
1.92 0 
2.32 0.40 -.04576 
2.75 0.83 -.09691 
3.20 1.28 -.15490 
3.70 1.78 -. 22185 
4.40 2.48 -.30103 
5.25 3-73 --39794 
6.40 4.48 -.52288 
8.40 6.48 -.69897 
12.80 10.88 -1.0000 
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TABLE XI B 
CALCULATION OF LOG F AT VA..S.IOUS TIMES. RUN L. (B) 
Assume end of reaction at 3.95 
Fraction Reading Time T LogF 
unreacted em. minutes minutes 
1.00 7.95 1.64 0 
0,90 7.55 1.96 0.32 -.04576 
0,80 7.15 2.36 0.72 -.09691 
0.70 6.75 2.78 1.14 -.15490 
0.60 6.35 3.23 1.59 -.22185 
0,50 5.95 3.78 2.14 -.30103 
0.40 5.55 4.50 2.86 -.39794 
0.30 5.15 5.38 3.74 -.52288 
0,20 4.75 6.62 4.98 -.68897 
0.10 4.35 8.80 7.18 -1.0000 
o.oo 3.95 
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APPENDIX C 
CALCULATION OF THE ENTROPY OF DISSOCIATION 
OF DIMERIC NITROSOMESITYLENE FROM DATA 
OF INGOLD AND PIGGOTTl 
Ingold, C .K., and Piggott, H .A., J. Chem. Soc., 125, 
168 (1924). 
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Ingold and Piggott1 measured the density of color of a 
solution of nitrosomesitylene in benzene at various temperatures. 
From the color densities, they calculated the concentration of 
monomer and thus the equilibrium constant at each temperature, 
From the variation of equilibrium constant with temperature, 
they calculated a heat of dissociation of 13.7 k. cal. per 
mole. 
Using the data of Ingold and Piggott and the equation 
derived below the entropy of dissociation was calculated. 
6F = 6H-ml:l =. -RT lnK 
'InS = il.H +RT lnK 
il.S = 6H 4-RlnK 
T 
The entropies of dissociation calculated at various tempera-
tures are listed :Ln the following Table. 
TABLE XX 
EQUILIBRIUM CONSTANTS DET~!INED BY INGOLD AND 
PIGGOTTl Al'IID THE ENTROPY CHANGE CALCULATED FROM THEI-l 
Temperature Equilibrium constant s 
oA liters /mole e.u. 
279.3 1.69 X 10 -2 40.6 
287.7 3.715 X 10 -2 40.8 
296.9 6.95 x w-2 40.5 
306.1 14.47 x w-2 40.6 
321.5 42.2 X w-2 40.6 
329.3 68.7 X w-2 40.6 
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Abstract 
Part I 
Synthesis of Meta- and Para- Neopentyl Derivati~s 
of Triphenyl Carbinol. 
The following new compounds were prepared by adaptations 
of standard methods: p-neopentylphenyldiphenyl carbinol, 
di-p-neopentylphenylphenyl carbinol, tri-p-neopentylphenyl 
carbinol, m-neopentylphenyldiphenyl carbinol, and di-m-neo-
pentylphenylphenylmethyl chloride. The preparation of tri-
m-neopentylphenyl carbinol was attempted unsuccessfully. 
Other compounds prepared for the first time as intermediates 
in these preparations are o- and p-nitroneopentylbenzene, 
o- and p-aminoneopentylbenzene, o-acetaminoneopentylbenzene, 
m-bromoneopentylbenzene, 3,5-di-bromoneopentylbenzene, 3-bromo-
4-acetaminoneopentylbenzene, 3-bromo-4-aminoneopentylbenzene, 
p-bromoneopentylbenzene, p,p~dineopentylbiphenyl, and ethyl-
p-neopentylphenyldiphenylmethyl ether. 
Part II 
Kinetics of Bamberger's Reaction 
A method was developed for studying reaction kinetics 
for a two phase system in Fhich.reaction occurs in one phase 
and a reactant is stored in the other phase and transfered 
into the reaction phase at a rate similar to the rate ot 
reaction. The method is based on the assumption that the 
rate of transfer of a reactant into the reaction phase depends 
on the instantaneous concentrations of that reactant in the 
two phases, the equilibrium concentrations of the reactant in the 
phase~ and the effective area between the phases. The method 
is applied specifically to storage of a reactant in the gas 
phase and reaction in the liquid phase. 
The rate of absorption of nitric oxide by bromobenzene 
solutions of aromatic nitroso compounds was measured under 
various conditions. From absorption curves it was determined 
that: 
1. Consumption of reactants in the Bamberger reaction is 
in quantitative agreement with the equation: 
NO+ 3 
2. Solutions of nitrosobenzene absorb nitric oxide 
slightly faster thm1 solutions of p-bromonitrosobenzene 
which in turn absorb nitric oxide faster than solutions of 
p-nitrosodimethylaniline. 
3· The monomer of nitrosomesitylene and not the dimer 
is the main reactant in the Bamberger reaction, 
4• Solutions of the monomer of nitrosomesitylene absorb 
nitric oxide faster than solutions of p-nitrosodimethylaniline. 
5. The kinetic equation of Bamberger's reaction is 
d(NO)reacted : k(ArNO)(N0) 2 
dt 
The calculated rate constant for the reaction between p-nitroso-
dimethylaniline and nitric oxide is 5.49 x 103 liters2 per 
mole2 second at 25°C. The calculated 6Hs for the reaction 
is 3 kcal. per mole. 
A tentative mechanism for the Bamberger reaction has 
been proposed. 
Part III 
Kinetics of Dissociation of Nitrosomesitylene 
The rate of absorption of nitric oxide by benzene and 
bromobenzene solutions of nitrosomesitylene was measured 
under various conditions. The shape of each absorption curve 
was determined by two reactions, a fast reaction between mono-
marie nitrosomesitylene and nitric oxide and a much slower 
dissociation of dimeric nitrosomesitylene. 
· First order rate constants for the dissociation were 
determined from the latter portion of the absorption curves. 
The rate constant for the dissociation in bromobenzene solution 
is 4·35 x lo-4 sec.-1 at 6.1°C. In benzene solution the rate 
6 -4 -1 6 0 constant is .1 x 10 sec. at .9 C. ~H* is 25 kcal. per 
mole in bromobenzene solution and about 23 kcal. per mole in 
benzene solution. Bntropies of activation of 16 e.u. in bromo-
benzene and about 10 e.u. in benzene were also determined. 
A heat of activation of about 9 • .5 kcal. per mole and an entropy 
of activation of about -30.6 e.u. were calculated for the 
association of two moles of monomer in benzene solution. 
This calculation ell!.ployed quantities of activation for the 
dissociation of the dimer determined in this work together 
with the equilibrium data of Ingold and Piggott. 
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